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6.0  BASELINE  HUMAN  HEALTH  RISK  ASSESSMENT 


6.1  INTRODUCTION 

This  baseline  risk  assessment  section  provides  an  evaluation  of  the  potential  risks  to  human  health  from 
exposure  to  chemicals  detected  in  groundwater  in  areas  of  concern  at  the  LEAD.  By  definition,  a 
baseline  risk  assessment  (risk  assessment)  is  an  analysis  of  the  potential  adverse  health  effects  (current 
or  future)  caused  by  hazardous  substance  releases  from  the  site  in  the  absence  of  any  actions  to  control 
or  mitigate  these  releases  (U.S.  EPA  1989a). 

6.1.1  Objectives  and  Scope  of  the  Risk  Assessment 

The  results  of  the  risk  assessment  for  the  LEAD  will  be  used  to  : 

•  Document  the  magnitude  of  risk  at  the  site  and  the  primary  causes  of  that  risk; 

•  Help  determine  what  additional  response  actions  are  necessary;  and 

•  Aid  in  modifying  preliminary  remediation  goals. 

Thus,  the  risk  assessment  is  an  integral  part  of  the  RFI  process  for  the  LEAD.  For  the  purposes  of  the 
baseline  risk  assessment  portion  of  this  groundwater  assessment  report.  The  evaluation  of  groundwater 
will  be  used  on  a  geographical  division  of  the  LEAD  into  a  northern  or  southern  portion.  These  two 
areas  will  be  evaluated  separately  in  order  to  reflect  the  distinct  differences  in  groundwater  availability. 

The  scope  of  this  risk  assessment  is  limited  to  potential  risks  to  human  populations  posed  by  exposure 
to  chemicals  in  groundwater  associated  with  former  operations  at  the  LEAD.  These  operations  are 
described  in  Section  1.0  of  the  associated  RFI  report.  Potential  risks  due  to  exposure  to  other 
environmental  media  (soil,  surface  water  and  sediment)  were  addressed  earlier  in  the  LEAD  RFI 
submitted  in  April  of  1994.  This  assessment  focuses  on  groundwater  data  collected  during  both  Phase 
I  and  Phase  II  of  the  RFI.  Data  from  previous  site  investigations  were  not  evaluated  in  detail  beyond  a 
qualitative  review  of  the  results  of  each  investigation  (summarized  in  Section  1.3.1).  As  a  final  summary 
of  risks  and  hazards  associated  with  sampled  media  at  LEAD,  Appendix  R.  of  this  report  presents 
SWMU-specific  risk/hazard  results  across  all  media. 
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The  scope  of  this  assessment  and  the  procedures  used  in  its  performance  are  based  on,  and  are  consistent 
with  U.S.  EPA  guidance,  policies,  and  procedures  as  set  forth  in  the  U.S.  EPA  RFI  Guidance,  Volume 
I,  Health  and  Environmental  Assessment  guidelines  (U.S.  EPA,  1989a);  U.S.  EPA  Risk  Assessment 
Guidance  for  Superfund,  Volume  I  [Human  Health  Evaluation  Manual  (HHEM)]  (U.S.  EPA  1989b),  the 
U.S.  EPA  HHEM  Supplemental  Guidance  for  Standard  Exposure  Factors  (U.S.  EPA,  1991a), 
Supplemental  Region  FV  Risk  Assessment  Guidance  (U.S.  EPA,  1991b);  Commonwealth  of  Kentucky, 
Department  for  Environmental  Protection’s  "Outline  for  a  Baseline  Risk  Assessment  Report"  (KDEP, 
1991b);  and  related  guidance  documents.- - 

6.1.2  Physical  Setting 

The  LEAD  is  located  in  Fayette  and  Bourbon  Counties,  about  12  miles  east  of  Lexington,  12  miles  south 
of  Paris,  and  12  miles  north  of  Winchester,  Kentucky.  The  LEAD  Facility  encompasses  approximately 
782  acres  and  is  surrounded  by  farm  and  timberland.  The  community  of  Avon,  with  a  population  of  50, 
borders  the  LEAD  Facility  on  the  southeast  side  of  the  property.  The  Army  Depot  is  bordered  on  the 
east  by  Briar  Hill  Road,  on  the  north  by  private  farmland,  on  the  west  by  Ware  Road,  and  on  the  south 
by  a  concrete  plant  (see  Figure  6-1). 

The  LEAD  Facility  is  not  included  in  the  zoned  areas  for  Fayette  County.  Rather,  the  Army  property 
land  uses  are  designated  in  the  1988  Comprehensive  Plan  for  Lexington-Fayette  County.  Under  the 
Comprehensive  Plan,  the  Army  property  is  divided  between  light  industrial  to  general  rural  areas.  The 
surroimding  land  use  is  primarily  general  rural  with  some  heavy  industrial,  light  industrial,  and  retail 
trade  and  personal  services  in  and  around  the  town  of  Avon  (see  Figure  6-2).  Industries  are  located  along 
the  railroad  tracks  which  parallel  the  property’s  southwestern  boundary. 

6.1.3  Site  History 

The  LEAD  is  an  activity  of  the  Depot  System  Command,  (DESCOM)  Chambersburg,  Pennsylvania.  Its 
mission  includes  the  storage  and  overhaul  of  Communications  Security  (COMSEC)  Support  equipment. 
The  COMSEC  Support  Directorate  provides  such  items  as  tactical  manpack  devices,  secure  squad  level 
FM  radio  communications,  and  satellite  telemetry  encryption  devices.  It  also  provides  facilities  for 
receipt,  storage,  surveillance  and  disposal  of  critical  supplies  and  surplus  property. 
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The  LB  AD  began  operation  in  1941  as  a  Signal  Depot.  The  present  administration  building,  eight 
warehouses,  the  motor  pool  building,  power  plant,  and  40  wood  framed,  concrete  based,  temporary 
buildings  comprised  the  original  depot  complex.  Additional  equipment  and  facilities  have  been  added 
almost  yearly.  The  buildings  are  concentrated  in  the  southwestern  portion  of  the  property,  near  the 
railroad.  Two  landfills  have  been  developed,  operated  and  closed  north  and  west  of  the  main  building 
complex.  The  now  abandoned  airstrip,  a  golf  course  and  a  third  closed  landfill  comprise  the  remaining 
portion  of  the  facility  northeast  of  the  building  complex. 

Hazardous  materials  have  historically  been  stored  at  various  buildings  around  the  facility.  Materials  used 
in  current  operations  generally  are  maintained  in  small  quantities;  however,  some  materials  have 
accumulated  in  storage.  Lithium  batteries  are  stored  in  Buildings  100,  101  and  1 10  and  in  cold  storage 
in  Building  5.  Flammable  materials  are  stored  in  the  flammable  storage  Buildings  103  and  107,  and  acid 
is  stored  in  Building  1 10. 

The  hazardous  waste  storage  facility.  Building  27,  is  a  concrete  structure  with  four  major,  individual 
compartments  which  provides  storage  for  all  hazardous  waste  generated  at  the  LB  AD.  The  hazardous 
waste  stored  at  this  building  has  included  acids,  asbestos  material,  air  filter  cloths  from  paint  spray 
booths,  sand  blasting  dust,  lubricating  oil,  waste  paints  and  solvents.  The  wastes  are  then  transported 
to  an  off-site  location  for  disposal. 

Three  sanitary  landfills  were  utilized  for  disposal  of  all  waste  generated  at  the  LBAD  prior  to  1980.  The 
Old  Landfill  was  an  area-fill  disposal  operation  located  adjacent  to  the  tributary  to  Elkhom  Creek  and 
operated  between  1940  and  the  early  1950’s  for  burning  and  disposal  of  all  waste  including  sanitary  waste 
and  industrial  waste.  Indications  are  that  most  of  the  waste  was  burned  in  this  landfill  prior  to  being 
covered  with  fill  dirt.  Disposal  of  the  waste  at  this  site  ceased  in  the  early  1950’s.  The  Industrial  and 
Sanitary  Waste  Disposal  Landfill  was  then  constructed  to  replace  operations  at  the  Old  Landfill. 
(Department  of  the  Army,  1984,  USAEHA,  1988).  No  closure  plan  was  prepared  for  the  Old  Landfill 
and  the  depth  of  the  cover  is  uncertain. 

The  Industrial  and  Sanitary  Disposal  Landfill  was  utilized  as  a  burning  ground  and  fill  area  from  the  early 
1950’s  until  1971.  The  landfill  was  an  area-fill  landfill  located  south  of  the  tributary  to  Elkhorn  Creek. 
Waste  disposed  in  this  landfill  included  paper  products,  construction  debris,  packing  material,  office  waste 
and  industrial  waste  including  metal  plating  sludge,  paints,  and  solvents.  Waste  disposal  practices 
consisted  of  burning  wastes,  and  then  covering  the  waste  residue  with  soil.  Disposal  at  this  site  ceased 
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in  1971  when  the  most  recently  constructed  landfill  was  put  into  operation  (Department  of  the  Army, 
1984,  USAEHA,  1988).  In  1984  a  30-inch  soil  cover  was  placed  over  the  closed  landfill  and  the  area 
was  stabilized  by  seeding.  The  State  Regulatory  Authority  approved  the  closure  plan  for  this  site; 
however,  this  plan  did  not  include  a  geophysical  study. 

The  LEAD  is  authorized  to  operate  its  hazardous  waste  management  facilities  under  interim  status  as 
required  under  40  CFR  270  and  has  applied  for  its  RCRA  Part  B  Permit  (submitted  November  1988). 
The  Part  B  application  is  currently  being  reviewed  by  state  and  federal  regulatory  authorities.  Interim 
status  allows  the  facility  to  continue  operations  related  to  hazardous  waste  management  in  accordance  with 
the  Kentucky  hazardous  waste  rules  and  regulations,  401KAR  Chapters  30  through  40,  until  final 
approval  is  issued. 

Air  emissions  are  authorized  under  Permit  No.  0-92-054  by  the  Kentucky  Natural  and  Environmental 
Protection  Cabinet  for  the  following  LEAD  areas:  coal  fired  power  plant,  paint  spray  booths,  gasoline 
storage  tanks,  paper  shredder,  sand  blasting,  wood  working,  and  the  ash  silo.  The  permit  was  issued 
March  6,  1985  and  does  not  include  more  recently  constructed  facilities  for  painting  sand  blasting, 
sanding,  and  gasoline  and  diesel  fuel  tank  vents. 

The  Sewage  Treatment  Plant,  Industrial  Waste  Lagoons  and  two  runoff  discharges  are  permitted  under 
the  Kentucky  Pollutant  Discharge  Elimination  System  (KPDES)  Permit  No.  KY0020699,  which  became 
effective  August  1,  1991  and  expires  July  31,  1996. 

Radioactive  materials  are  used  for  instrument  calibration  in  Buildings  134  and  139  and  are  covered  under 
three  licenses.  Radioactive  byproduct  materials  are  covered  under  License  No.  16-05033-01,  which 
expires  September  30,  1993.  Radioactive  source  materials  are  covered  under  License  No.  Sub-417, 
which  expires  January  31,  1993.  Special  nuclear  materials  are  covered  under  License  No.  SNM-623, 
which  expires  on  July  31,  1994. 

6.1.4  Summary  of  Potential  Chemical  Release 

Groundwater  is  the  primary  source  media  for  chemicals  at  the  LEAD  to  be  evaluated  in  this  report.  Soil, 
surface  water,  and  sediments  may  also  be  considered  as  primary  chemical  sources,  but  were  evaluated 
separately  in  a  previous  report  (USAEC  1994).  Groundwater  chemicals,  in  turn,  may  be  transported  into 
other  environmental  media  via  migration  into  seeps  or  surface  water.  Direct  and  indirect  interconnections 
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exist  between  each  of  the  environmental  media,  such  that  chemicals  in  one  media  may  serve  as  a  source 
of  future  chemical  release  to  another  media  (i.e.,  chemicals  leaching  from  groundwater  to  soil  etc.). 

6.1.5  Summary  of  Groundwater  Sampling  Activities 

Samples  of  environmental  media  have  been  obtained  during  Phase  I  and  11  of  the  RFI.  During  each 
phase,  samples  were  collected  to  characterize  the  chemical  concentrations  in  groundwater  and  tap  water 
at  the  LEAD.  It  should  be  noted  that  the  locations  of  samples  were  purposely  selected  to  be 
representative  of  possible  contamination.  Historical  information,  visual  observation,  and  screening 
techmques  were  employed  during  the  RFI  sampling  phase  to  identify  site  locations  where  chemical 
releases  may  have  occurred.  The  intent  of  sampling  location  selection  was  to  characterize  the  maximum 
chemical  concentrations  at  each  SWMU/Area  of  Concern.  Site-specific  information  was  also  considered 
(i.e.,  historical  information,  visual  observation  of  site  conditions,  site  size,  potentially  impacted  media, 
possible  migration  pathways,  etc.)  to  determine  the  appropriate  sample  locations  and  numbers  for 
characterizing  the  nature  and  extent  of  chemical  concentrations.  Further  evaluation  of  the  nature  and 
extent  of  chemicals  at  sites  may  be  performed  in  the  event  that  the  maximum  concentrations  are  associated 
with  conditions  requiring  remediation  based  on  the  Corrective  Measures  Study  (CMS)  for  the  LEAD. 
Sampling  performed  to  date  was  conducted  in  conformance  with  the  Field  Sampling  Plan  which  was 
approved  by  U.S.  EPA  Region  IV  and  KDEP.  Appropriate  QA/QC  samples  were  also  obtained  for  data 
validation  purposes.  Eackground  samples  were  also  obtained  to  provide  a  baseline  for  comparison  of  site- 
related  conditions  to  typical  environmental  conditions  for  the  region.  Groundwater  wells  were  sampled 
throughout  the  site  for  volatiles,  semivolatiles,  metals,  pesticides,  and  PCEs.  Eackground  samples  were 
located  in  areas  which  were  considered  to  be  upgradient  of  the  Facility  operations,  or  in  areas  which  were 
expected  to  be  unaffected  by  historical  activities  at  the  Facility. 

6.1.6  Organization  of  the  Easeline  Risk  Assessment 

In  addition  to  this  Introductory  section,  the  baseline  risk  assessment  of  the  LEAD  consists  of  the 
following  Sections: 

•  Chemicals  of  Potential  Concern, 

•  Exposure  Assessment, 

•  Toxicity  Assessment, 

•  Risk  Characterization, 
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Uncertainties  in  the  Baseline  Risk  Assessment,  and 
Summary  and  Conclusions. 


The  organization  and  content  of  each  section  is  consistent  with  the  guidance  provided  in  the  HHEM  (U.S. 
EPA  1989a)  and  in  U.S.  EPA  Region  IV  and  KDEP  Requirements  for  Risk  Assessment  (U.S.  EPA, 
1991a,  KDEP,  1992).  The  final  summary  of  risk  and  hazard  results  from  the  previously  submitted  RFI 
(U.S  AEC  1994),  added  to  the  results  of  this  report,  are  summarized  in  Appendix  R. 

6.2  CHEMICALS  OF  POTENTIAL  CONCERN 

The  process  of  designating  the  chemicals  of  potential  concern  for  the  LEAD  consisted  of  a  detailed 
evaluation  of  the  analytical  data,  an  analysis  of  the  sources  of  contamination  and  site  characteristics,  and 
a  review  of  potential  migration  pathways.  Chemicals  of  concern  were  selected  through  a  process 
designed  to  identily  the  most  frequently  detected,  toxic,  mobile,  and  persistent  chemicals  in  the 
groundwater  at  the  LEAD.  The  methodologies  used  in  this  evaluation  are  consistent  with  those  presented 
in  the  HHEM  (U.S.  EPA  1989a)  and  U.S.  EPA  guidance  for  data  usability  for  risk  assessments  (U.S. 
EPA,  1992).  The  objective  of  this  process  was  to: 

•  Identify  the  set  of  chemicals  most  likely  to  be  site  related;  and 

•  Ensure  that  reported  concentrations  are  of  acceptable  quality  for  use  in 
quantitative  risk  assessment. 

Chemicals  which  remained  after  this  evaluation  process  were  then  considered  in  the  qualitative  and 
quantitative  assessment  of  risks  to  human  populations. 

6.2.1  Data  Selected  for  Risk  Assessment 

The  groundwater  risk  assessment  is  limited  to  an  evaluation  of  the  data  generated  during  the  RFI  (during 
Phase  I  and  II  sampling).  During  the  RFI  field  activities,  environmental  media  in  50  SWMUs  or  Areas 
of  Concern  were  sampled.  A  listing  of  the  SWMUs  or  Areas  of  Concern  is  provided  in  Table  6-1. 
Groundwater  wells  were  installed  throughout  the  base  in  order  to  evaluate  potential  groundwater 
contamination  at  these  SWMUs.  However,  groundwater  contamination  was  evaluated  on  an  area-specific 
basis  instead  of  a  SWMU-specific  basis.  This  approach  was  taken  due  to  groundwater  availability  and 
groundwater  migration.  A  SWMU-specific  approach  was  not  taken  because  of  the  somewhat  erratic 
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migration  potential  of  groundwater  in  a  karst  environment  such  as  that  present  in  portions  of  LEAD.  A 
karst  environment  is  usually  characterized  by  extensive  subterranean  drainage.  Cracks  and  fissures  in 
the  underlying  limestone  can  cause  the  groundwater  to  flow  in  unpredictable  directions.  A  SWMU- 
specific  approach  would  give  minimal  insight  into  potential  future  excess  risk  or  hazard  because  of  the 
difficulty  in  accurately  predicting  the  extent  of  groundwater  migration.  Instead,  the  conservative  approach 
of  assessing  the  two  large  areas  as  individual  areas  of  concern  compiles  data  from  all  neighboring  wells 
in  order  to  assess  the  SWMUS  as  being  interconnected.  Therefore,  groundwater  migration  and 
availability  were  considered  in  order  to  divide  the  site  into  a  northern  portion'and  southern  portion. 

The  northern  portion  of  LEAD  is  a  relatively  hydrologically  undeveloped  area  with  minimal  limestone 
dissolution  and  limited  groundwater  availability.  Of  the  23  wells  installed  in  the  northern  portion  of 
LEAD,  12  were  dry.  In  addition,  another  5  wells  did  not  produce  enough  water  for  sampling.  In  an 
attempt  to  find  more  groundwater,  2  of  the  23  wells  were  installed  at  the  interface  of  the  soil  and 
bedrock.  This  was  an  attempt  to  capture  the  water  travelling  along  the  interface.  Although  these  wells 
(S001MW43I0  and  S(X)1MW44I0)  were  sampled,  there  was  not  enough  groundwater  available  to  meet 
the  required  purge  volume  for  sampling.  Given  this  lack  of  water  in  the  higher  elevated  northern  portion 
of  the  site,  it  is  highly  unlikely  that  residential  wells  will  ever  be  installed  in  this  area.  However,  the 
concentrations  detected  in  the  sampled  wells  will  be  quantitatively  evaluated  in  the  risk  assessment  to 
account  for  migration  of  groundwater  to  other  areas. 

The  southern  portion  of  LEAD  is  characterized  by  highly  fractured  bedrock,  plentiful  groundwater,  and 
relatively  unrestricted  groundwater  migration.  As  opposed  to  the  northern  portion,  very  few  wells  came 
up  dry  and  most  had  adequate  recharge  for  sampling  in  the  southern  portion.  Since  the  southern  portion 
of  LEAD  is  much  more  hydrologically  developed,  groundwater  availability  is  greater  due  to  the  more 
extensive  dissolution  of  limestone.  In  addition,  the  northern  portion  is  upgradient  of  the  southern  portion. 
The  wells  from  these  two  areas  were  compiled  into  two  separate  data  sets  and  evaluated  independently. 

A  list  of  groundwater  wells  and  the  associated  groupings  are  provided  below.  In  addition.  Figure  6-3 
displays  the  relative  location  of  these  wells. 
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Well  ID 

A00CMW1009 

S001MW1134 

S001MW2300 

S001MW23D0 

S001MW43I0 

S001MW44I0 

A00BMW1123 

B004MW4700 

B004MW47D0 

B018MW4800 

B018MW48D0 

S003MW1052 

S003MW4000 

S003MW40D0 

S003MW0600 

S003MW6D00 

S003MW1051 

S003MW1053 

S003MW1600 

S003MW3900 

S003MW4100 

S004MW0500 

S004MW1900 

S004MW19DD 

S004MW4200 

S004MW0200 

S004MW0300 

S004MW0400 

S004MW4700 

S2567MW080 

S2567MW8D0 

S2567MW090 

S2567MW122 

S2567MW124 

S2567MW180 

S2567MW18D 

S2567MW320 

S2567MW32D 

S2567MW330 

S2567MW450 

S2567MW460 

W008SW0176 

W0IWS01150 

W09WS01150 

FACLMW0700 

S2567MW070 


Data  Grouninp 
Northern 
Northern 
Northern 
Northern 
Northern 
Northern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Southern 
Background 
Background 


Well  Depth  fftl 
50 

28.5 
43 
88 
13 

15.8 

37 
40 
75 

38 
73 

NA 

32 
68 
35 

72.5 
NA 

27 

23 

81.5 
26 

33 
32 
68 

25.5 
43 
23 
29 
39 
31 
64 
69 
31 
15 
69 

105 

54 

89.5 

62.5 
42 
51 
75 

150 

53 

82 

82 


NA  =  Not  Available 
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Suminaries  of  the  analytical  results  from  Phase  I  and  II  sampling  for  the  two  groundwater  areas  are 
provided  in  Appendix  K.  These  data,  which  served  as  the  basis  for  selecting  chemicals  of  interest  for 
the  risk  assessment,  are  reported  for  site  and  background  sampling  locations. 

Each  of  the  chemical-specific  results  have  associated  laboratory  QA/QC  qualifiers.  These  qualifiers 
provide  an  indication  of  the  reliability  and  validity  of  the  results.  Table  6-2  provides  a  listing  of  each 
of  these  qualifying  codes,  the  definition  of  the  codes,  and  the  ultimate  interpretation  of  the  code  with 
regard  to  the  use  of  the  associated  chemical  result  in  the  risk  assessment.  Overall,  "U"  qualified  data, 
indicating  an  unconfirmed  analysis,  were  the  only  data  not  included  in  the  risk  analysis.  In  addition,  the 
following  assumptions  were  made  in  defining  the  data  set  to  be  further  evaluated  in  the  risk  assessment: 

FIELD  DUPLICATE  SAMPLES:  If  a  sample  has  an  associated  duplicate  sample,  the  maximum 
concentration  for  each  analyte  was  used  as  the  detected  concentration  for  that  sample.  In  cases 
where  both  of  the  duplicate  samples  were  recorded  as  Less  Than  (LT),  then  one  half  of  the 
highest  detection  limit  (of  the  two  samples)  was  used  as  the  concentration  for  that  sample. 

TENTATIVELY  IDENTIFIED  COMPOUNDS  (TICs):  Compounds  that  were  designated  as 
being  of  unknown  identity  were  not  evaluated  further  as  chemicals  of  potential  concern  in  the 
quantitative  risk  assesspient. 

LT  &  NON  DETECT  (ND)  VALUES:  Any  analyte  determined  to  be  less  than  (LT)  the  Certified 
Reporting  Limit  (CRL)  in  all  samples  associated  with  a  given  environmental  media  were  not 
considered  to  be  chemicals  of  potential  concern  for  the  environmental  media.  Any  analyte  with 
an  ND  value  associated  with  it  was  not  quantifiable.  These  values  were  not  considered  to  have 
been  positively  detected  on  the  site.  Analyte  results  designated  as  LTs  or  NDs  were  regarded 
as  not  detected  in  the  environmental  media  sampled. 

ANALYTES  FOUND  BY  MORE  THAN  ONE  METHOD:  In  isolated  cases  where  a  particular 
compound  was  analyzed  under  more  than  one  method  for  a  given  sample,  the  preferred  analytical 
method  was  used.  The  preferred  analytical  method  was  selected  based  on  an  evaluation  of  which 
method  most  accurately  analyzed  the  individual  compound  or  t)q)e  of  compounds. 

BLANK  CONTAMINATION:  The  following  procedures  were  followed  for  evaluating  method 
blank  contamination  (samples  qualified  as  "B”): 
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Method  blank  data  were  compared  to  the  associated  field  sample  results  by  sampling 
phase. 

In  instances  where  the  maximum  detected  concentration  for  common  laboratory 
contaminants  was  less  than  ten  times  the  concentration  detected  in  all  associated  blank 
samples,  the  anal3^e  was  considered  to  not  be  of  concern  for  the  site.  For  chemicals 
other  than  common  laboratory  contaminants  that  appeared  in  blank  samples,  the  criterion 
was  five  times  the  concentration  detected  in  all  associated  blank  samples. 

REANALYZEDVRESAMPLED  DATA:  In  any  case  where  an  analyte  was  reanalyzed  as  a  result 
of  an  error  with  the  original  analysis,  the  reanalyzed  result  was  substituted  for  the  original  data. 
In  any  case  where  an  analyte  was  resampled  in  the  absence  of  error  associated  with  the  original 
data,  the  resampled  data  was  treated  as  independent  data. 

GREATER  THAN  (GT')  VALUES:  Any  concentration  assigned  a  GT  value  was  detected  above 
the  laboratory  maximum  certified  concentration.  The  value  associated  with  the  GT  qualifier  was 
used  as  the  detected  concentration. 

6.2.2  Evaluation  of  Data  Quality 


The  following  guidelines  were  used  in  evaluating  data  and  identifying  chemicals  of  potential  concern: 


All  available  groundwater  data  from  Phase  I  and  II  of  the  RFI  were  compiled  and  sorted 
by  location  (Appendix  K); 

The  appropriateness  of  data  for  the  purposes  of  the  risk  assessment  was  evaluated  based 
on  flagging  codes  (in  accordance  with  U.S.  EPA  Guidance  for  Data  Usability  in  Risk 
Assessment,  U.S.  EPA,  1992a;  and  the  HHEM,  U.S.  EPA,  1989b).  Qualified  data 
were  included  or  excluded  from  further  evaluation  in  accordance  with  the  guidance. 
Table  6-2  provides  a  summary  of  pertinent  data  qualifiers  and  their  interpretation  for  use 
in  the  risk  assessment.  Since  the  data  had  been  validated  prior  to  risk  evaluations,  any 
confirmed  analysis  was  used  in  the  risk  assessment. 

Site  and  background  results  were  used  to  determine  the  arithmetic  mean,  95  percent 
upper  confidence  limit  (UCL),  range  of  detected  concentrations  (minimum  and 
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maximum),  and  frequency  of  detection  for  each  of  the  detected  chemicals.  The  95 
percent  UCL  was  only  calculated  for  instances  in  which  there  were  at  least  three 
groundwater  samples  (and  a  chemical  was  detected  in  at  least  one  of  the  three  or  more 
samples).  If  less  than  three  samples  were  collected  for  a  constituent  within  an  area,  then 
the  maximum  detected  chemical  concentration  was  employed  for  use  in  the 
selection/evaluation  of  chemicals  of  potential  concern,  and  a  95  percent  UCL  was  not 
calculated.  The  data  were  log  normalized  and  U.S.  EPA  guidelines  for  calculating  the 
-  95  percent  UCL  were  followed  (U.S.  EPA,  1992b,  the  calculation  of  the-95  percent  UCL 
is  discussed  further  in  Section  6.3.3. 1  and  in  Appendix  K.).  In  cases  where  duplicate 
samples  were  collected,  the  maximum  concentration  of  the  two  samples  was  utilized  as 
the  sample  concentration.  It  should  be  noted  that  use  of  U.S.  EPA’s  methodology  for 
calculating  the  concentration  term  (specifically  using  the  H-statistic)  can  result  in  likely 
spuriously  high  95  percent  UCL  values  where  small  sample  sizes  occur. 

In  accordance  with  EPA  guidance  (U.S.  EPA,  1989a),  one  half  of  the  certified  reporting 
limit  was  employed  as  the  sample  concentration  for  non-detect  results  for  both  site- 
specific  and  background  results.  The  tables  in  Appendix  K  which  provide  media-  and 
sample-specific  results  for  each  detected  chemical  also  provide  this  summary  information. 
These  results  are  presented  for  both  the  LBAD-specific  areas  of  potential  concern,  and 
background. 

6.2.3  Selection  of  Chemicals  of  Potential  Concern 

Screening  methods  were  then  employed  to  further  refine  the  list  of  chemicals  to  be  carried  through  the 
risk  assessment.  The  end  result  was  the  development  of  a  set  of  chemicals  of  potential  concern  worthy 
of  further  study  in  the  risk  assessment. 

The  following  steps  were  performed  to  select  the  chemicals  of  concern. 

•  The  site  was  divided  into  northern  and  southern  portions  and  the  maximum  concentration 
for  each  area  was  compiled  in  Table  6-3. 

•  Maximum  chemical  concentrations  for  metals  detected  on-site  were  compared  to  two 
times  the  associated  arithmetic  average  background  concentration  as  per  U.S.  EPA, 
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Region  IV  Guidelines  (U.S.  EPA,  1991).  This  comparison  is  presented  in  Table  6-4. 
Chemical-specific  MCLs  were  also  added  to  this  table  to  make  sure  that  chemicals  were 
not  removed  from  further  consideration  based  on  background  levels  that  were  above 
MCLs.  The  site-specific  95  percent  UCL  or  maximum  detected  concentrations 
(whichever  value  is  lower)  for  both  LEAD  groundwater  areas  are  presented  in  Appendix 
K.  This  appendix  also  presents  the  average  and  two  times  the  average  background 
concentrations  for  Facility-specific  groundwater  samples.  Because  many  of  the  metals 
detected  in  groundwater  are  naturally  occurring,  concentrations  of  metals  in  site  samples 
were  compared  with  background  levels  to  determine  whether  the  detected  levels  were 
elevated  above  naturally  occurring  levels.  Chemicals  identified  as  not  significantly 
greater  than  background  (i.e.,  the  maximum  detected  concentration  was  within  two  times 
the  mean  background  value)  were  excluded  from  further  evaluation.  The  resulting 
chemical-specific  concentrations  for  chemicals  above  background  concentrations  is 
presented  in  Table  6-5. 

•  All  organics  detected  in  groundwater  were  retained  for  further  evaluation. 

•  U.S.  EPA  guidelines  for  risk  assessment  allow  for  an  evaluation  of  media-specific 
frequencies  of  detection.  In  any  case  where  a  given  chemical  is  detected  infrequently  in 
a  large  dataset  for  a  given  medium,  that  chemical  can  potentially  be  noted  as  a  candidate 
for  exclusion.  For  example,  if  a  chemical  is  detected  in  less  than  5  %  of  the  samples  in 
a  particular  medium  from  which  at  least  20  samples  were  obtained;  and  was  not  detected 
in  any  site-related  samples  from  any  other  medium;  the  exposure  potential  would  be 
considered  to  be  low  and  the  chemical  would  be  considered  as  a  candidate  for 
elimination.  However,  as  a  conservative  measure,  chemicals  were  not  rejected  as 
chemicals  of  potential  concern  based  solely  on  frequency  of  detection. 

6.2.3. 1  Chemicals  Never  Detected 

A  multitude  of  analyses  were  performed  for  the  different  SWMUs/ Areas  of  Concern  on-site.  The 
sampling  and  analysis  was  performed  with  consideration  of  appropriate  QA/QC  procedures  to  obtain  data 
which  would  be  representative  of  the  chemical  concentrations  in  the  environmental  media.  The  data  were 
collected  in  a  manner  that  would  characterize  site  conditions  with  an  appropriate  degree  of  confidence 
in  the  reliability  and  validity.  Therefore,  in  cases  where  chemicals  were  never  detected  in  a  given  data 
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set  (northern  or  southern),  these  chemicals  were  not  evaluated  further  as  chemicals  of  potential  concern 
for  that  area. 

6.2. 3. 2  Chemicals  Detected  at  Least  Once 

The  site  and  background  data  results  were  analyzed  further  to  determine  which  chemicals  were  detected 
in  at  least  one  sample  in  each  of  the  areas  of  potential  concern.  Such  chemicals  were  considered  to  be 
"detected"  and  represented  the  initial  list  of  chemicals  of  potential  concern  which  could  be  examined 
further  for  inclusion  in  the  risk  assessment.  Tables  which  provide  the  sample-specific  results  for 
chemicals  detected  at  the  LEAD  are  presented  in  Appendix  K. 

6. 2. 3. 3  Essential  Nutrients 

Chemicals  which  are  considered  to  be  essential  nutrients  are  typically  toxic  only  at  very  high  doses.  As 
a  conservative  measure,  chemicals  which  are  considered  to  be  essential  nutrients  (calcium,  chromium, 
copper,  iron,  magnesium,  manganese,  potassium,  selenium,  sodium,  and  zinc)  were  retained  as  chemicals 
of  potential  concern.  However,  a  comparison  of  the  concentrations  detected  on-site  to  U.S.  DA 
Recommended  Daily  Average  intake  (RDA)  of  the  essential  nutrients  was  performed  in  Appendix  P.  The 
results  of  the  comparisons  were  utilized  to  evaluate  the  results  of  the  Risk  Characterization. 

6. 2. 3.4  Chemicals  of  Concern 

Based  on  the  procedures  just  described.  Table  6-5  presents  the  chemicals  of  concern  for  both  LEAD 
groundwater  areas.  As  described  previously,  the  chemicals  of  concern  in  groundwater  were  selected  with 
consideration  of  data  qualifiers,  frequency  of  detection,  comparison  to  background  concentrations,  and 
essential  nutrient  status.  Although  no  chemicals  were  removed  from  further  evaluation  based  only  on 
frequency  of  detection  or  essential  nutrient  status,  these  factors  will  be  considered  in  the  evaluation  of 
chemicals  of  potential  concern. 

6.3  EXPOSURE  ASSESSMENT 

This  section  presents  an  assessment  of  exposures  that  are  relevant  for  the  LEAD  and  the  surrounding 
area.  It  consists  of  an  evaluation  of  exposure  pathways,  exposure  routes,  exposed  populations,  estimated 
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concentrations  of  chemicals  at  exposure  points,  and  estimated  intakes  of  chemicals  for  exposed 
populations. 

The  site  conceptual  model  presented  in  Figure  6-4  summarizes  the  processes  by  which  site  chemicals  of 
potential  concern  may  be  expected  to  impact  potentially  exposed  populations.  Both  the  current  land  use 
for  the  LBAD  area  and  possible  future  land  use  scenarios  are  considered.  The  text  which  follows 
explains  in  detail  each  step  of  the  process. 

6.3.1  Characterization  of  the  Exposure  Setting 

The  exposure  assessment  includes  an  examination  of  the  physical  setting  of  the  LBAD  as  well  as  an 
identification  of  potential  human  receptors  in  the  LBAD  vicinity. 

6. 3. 1.1  Physical  Setting 

The  physical  setting  at  the  LBAD  is  further  characterized  by  consideration  of  the  site-specific  and  regional 
climate,  topography,  geology,  and  hydrogeology.  Much  of  the  detail  presented  in  Section  3.0  is  repeated 
in  this  section  to  facilitate  review  of  the  baseline  risk  assessment. 

Climate 

The  climate  of  the  LBAD  area  can  generally  be  characterized  as  continental  with  a  large  diurnal 
temperature  range.  Average  seasonal  temperatures  are  35°  F  for  winter,  62°  F  for  spring,  50° 
F  for  fall,  and  74°  F  for  summer.  The  prevailing  wind  direction  is  south  throughout  most  of  the 
year  but  changing  to  a  southwesterly  direction  in  February,  March,  April  and  July. 

Average  precipitation  for  the  LBAD  area  is  evenly  distributed  throughout  winter,  spring,  and 
summer,  with  about  12  inches  recorded  for  each  of  these  seasons.  The  fall  season  averages  about 
8.5  inches.  Average  annual  precipitation  is  45.68  inches. 

Soils,  Site  Topography,  and  Drainage 

The  soils  at  the  LBAD  are  comprised  of  three  types;  made  or  urban  land,  alluvial  soils  along 
streams,  and  limestone  and  shale-derived  upland  soils. 
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Made  land  (Md)  is  a  term  that  describes  any  area  where  more  than  20  inches  of  clayey  fill 
material  has  been  placed  as  a  cover  over  native  soils.  At  the  LEAD,  areas  of  Md  include  either 
side  of  the  unnamed  tributary  along  Ware  Road,  and  throughout  the  southern  area  of  the 
property.  Urban  land  is  land  where  the  top  layers  have  been  removed.  These  soils  are  reddish- 
brown,  clayey,  soil  which  is  slowly  to  moderately  permeable.  Most  of  the  southern  section  of 
the  area,  where  building  development  has  occurred,  contains  this  soil  type. 

Alluvial  soils  include  the  Lindside,  Melvin,  and  Newark.  Lindside  Silt  Loam  (Ld)  has  moderate 
permeability  and  high  moisture-supplying  capacity.  Lindside  soils  occur  along  the  northernmost 
reach  of  the  unnamed  tributary  along  Ware  Road  and  along  the  tributary  that  follows  Briar  Hill 
Road.  The  Melvin  silt  loam  (Mt)  is  very  friable  loam  to  silty  clay  loam.  The  poorly  drained  soil 
occurs  in  a  small  lobe  beneath  the  golf  course  pond.  The  Newark  silt  loam  (Ne)  is  poorly 
drained  and  is  a  very  friable  to  non-friable  silt  loam.  It  grades  into  a  silty  clay  at  around  18  to 
48  inches  below  the  ground  surface.  The  Ne  is  found  along  the  unnamed  tributary  up-elevation 
of  the  made  land  along  Ware  Road  and  is  a  lobe  along  a  tributary  off  Briar  Hill  Road. 

The  remaining  upland  soils  formed  from  limestone  and  calcareous  shale  include  the  Loradale 
Series,  the  Lowell  Series,  the  Maury  Series  and  the  Mercer  Series.  The  Loradale,  in  the  northern 
section  of  the  site  near  Burma  Road,  is  a  dark  brown,  very  friable  silt  loam  that  grades  downward 
into  a  brown  silty  clay  loam,  friable  to  firm  to  a  mottled  yellowish-brown  and  pale-brown,  very 
plastic  clay. 

The  Lowell  Series  is  located  at  the  end  of  Burma  Road  and  is  characterized  as  well  to  moderately 
well-drained  soils  on  gently  rolling  uplands.  Some  areas  having  this  soil  have  been  severely 
eroded  and  the  surface  soil  mixed  with  subsoil  within  the  upper  six  inches. 

The  Maury  Series  exists  in  the  northern  section  of  the  site  and  is  characterized  by  nearly  level 
to  strongly  sloping,  well-drained  soils  on  uplands  formed  mostly  in  phosphatic  limestone  but 
partly  in  a  mantle  of  silt.  There  are  areas  of  eroded  Maury  silt  loam  in  which  some  of  the 
substrate  has  been  worked  into  the  upper  6  inches  of  the  soil.  These  areas  are  located  near  the 
water  tower  and  on  the  north  side  of  the  tributary  that  parallels  the  former  airstrip. 
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The  Mercer  Series  is  a  nearly  level  to  sloping,  deep,  moderately  well-drained  soil  with  a  fragipan 
consisting  of  Mercer  silt  loam  and  an  eroded  Mercer  silt  loam.  Mercer  silt  loam  begins  as  a  very 
friable,  dark  grayish-brown  soil  which  down  grades  to  a  yellowish-brown  very  plastic  clay.  This 
soil  occurs  along  Briar  Hill  Road  north  of  the  main  gate,  in  the  vicinity  of  the  Commanding 
Officer’s  quarters,  and  north  of  the  former  airstrip.  The  eroded  Mercer  silt  loam  occurs  in  the 
northernmost  extent  of  the  unnamed  tributary  along  Ware  Road. 

Regional  Geology 

The  site  is  located  near  the  crest  of  the  Cincinnati  Arch,  a  broad,  low  structural  feature  whose 
long  axis  extends  generally  northward  from  Tennessee  through  central  Kentucky  and  western 
Ohio  into  southern  Michigan. 

Flat-lying  rocks  of  Ordovician  age,  consisting  chiefly  of  alternating  beds  of  limestone  and  shale 
underlie  the  LEAD  Facility. 

Site-Specific  Geology 

The  beds  of  limestone  and  shale  underlying  the  Facility  belong  to  the  Lexington  Limestone.  The 
Lexington  Limestone  includes  four  members;  the  upper  tongue  of  the  Tanglewood  Limestone, 
the  Millersburg  Limestone,  The  Tanglewood  Member,  and  the  Grier  Limestone  Member.  All 
members  are  exposed  at  the  surface  on  LEAD  property.  The  rocks  underlying  most  of  the  site 
property  consist  of  the  Millersburg  Limestone.  Additional  information  on  site  geology  can  be 
found  in  Section  3.2. 

R^onal  Hydrogeology 

As  discussed  in  Section  3.2,  the  LEAD  Facility  is  in  the  east-central  part  of  the  Inner  Bluegrass 
Karst  Region.  Several  investigations  of  the  Inner  Bluegrass  Karst  Region  showed  that  dissolution 
and  well  yield  are  greatest  beneath  topographically  low  areas.  The  depths  of  solutional  openings 
and  productive  wells  is  limited  to  about  80  feet.  Poorly  soluble  units  such  as  argillaceous 
limestone  and  shale,  inhibit  the  development  of  solutional  openings  in  rocks  that  underlie  them. 
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Several  studies  have  reported  that  the  direction  of  groundwater  flow  was  controlled  by  the 
topography  and  the  dip  of  the  rocks.  It  was  also  discovered  that  well  yield  is  related  to  both 
topography  and  stratigraphy. 

About  50  groundwater  basins  with  areas  up  to  5.8  square  miles  have  been  identified.  Within  the 
basins,  groundwater  flow  occurs  within  a  dendritic  conduit  system  reaching  depths  of  about  100 
feet.  In  interbasin  areas,  some  conduits  have  breached  poorly  permeable  beds  and  water  may 
descend  almost  vertically  to  deeper  conduits.  However,  evidence  shows  that  the  groundwater 
flow  system  at  LEAD  does  not  have  large  conduits  and  the  water  table  generally  replicates  the 
surface  water  drainage.  Groundwater  discharges  locally  into  streams  and  there  appears  to  be  little 
or  no  interbasin  movement  of  water. 

Site-Specific  Hydrogeology 

Groundwater  is  encountered  at  the  bedrock/regolith  interface  or  in  the  fractured  section  just  below 
this  interface.  Three  hydrologic  zones  exist  at  the  LEAD.  An  upper  bedrock  zone  was  identified 
above  990  feet  elevation  and  was  described  as  relatively  transmissive  and  unconsolidated.  The 
middle  bedrock  zone  is  between  990  and  940  feet,  and  described  as  less  transmissive  and 
relatively  tight.  The  lower  bedrock  zone  is  very  transmissive  and  capable  of  yields  of  several 
hundred  gallons  per  minute. 

Evidence  supports  the  existence  of  a  groundwater  divide  in  the  area  of  the  New  Landfill. 
Groundwater  as  well  as  surface  water  on  the  north  side  of  the  divide  flows  north  to  Hutchinson 
Creek.  Water  on  the  south  side  of  the  divide  flows  south  to  a  tributary  of  Elkhom  Creek.  A 
surface  water  and  groundwater  divide  exists  in  the  middle  of  the  Facility,  running  northeast  to 
southwest.  The  water  on  the  northwest  side  of  the  divide  moves  toward  a  relatively  small 
tributary.  Water  to  the  southeast  side  of  the  divide  flows  directly  into  a  larger  tributary  which 
flows  into  Elkhom  Creek.  The  potentiometric  surface  conforms  to  topography  with  steeper 
gradients  near  the  divide,  and  lower  gradients  near  the  streams. 

Groundwater  discharge  is  into  the  local  stream  system  and  may  occur  in  areas  where  the  streams 
intersect  solutional  openings  in  the  rocks. 
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Most  of  the  streams  are  intermittent  and  flow  only  during  and  shortly  after  precipitation  occurs. 
The  larger  streams  at  the  Facility,  into  which  the  smaller  streams  drain,  are  believed  to  be 
perennial.  For  a  more  detailed  description  of  site-specific  hydrogeology,  refer  to  Section  3.6. 

6. 3. 1.2  Potentially  Exposed  Human  Populations 

Human  receptors  exist  in  the  vicinity  of  the  LEAD  Facility.  Area  residents  live  near  the  LEAD;  work 
on  the  LEAD;  and  have  access  to  visit  or  trespass  on  the  LEAD  premises.  ’Thus,  these  potential 
receptors  may  be  subject  to  exposure  to  site-related  chemicals  of  potential  concern  via  contact  with 
contaminated  surface  water,  sediment,  soil,  ambient  air,  or  wildlife.  These  potential  exposures  are 
summarized  in  conjunction  with  the  results  of  this  groundwater  report  in  Appendix  R.  The  general  land 
use,  demography,  and  groundwater  use  are  described  as  follows  to  further  characterize  these  potentially 
exposed  human  receptors. 

Land  Use 

According  to  available  zoning  information,  the  LEAD  Facility  premises  are  designated  for  light 
industrial  and  general  rural  land  uses  (see  Figure  6-2).  The  LEAD  Facility  is  zoned  primarily 
as  general  rural  except  for  the  south/southwest  section  which  is  zoned  light  industrial.  The 
surrounding  land  use  is  primarily  zoned  general  rural  with  some  heavy  industrial,  light  industrial, 
and  retail  trade.  Currently,  the  northern  portion  of  the  site  is  utilized  by  the  Kentucky  National 
Guard  for  maneuver  training.  National  Guard  activities  are  planned  for  future  use  of  the  site, 
also.  In  addition,  government  subcontractors  currently  utilize  the  portions  of  the  LEAD  site  for 
light  manufacturing. 

Demography 

According  to  the  1990  U.S.  Census,  8,276  people  reside  in  the  area  surrounding  the  LEAD.  As 
of  October  6,  1994  there  were  7(X)  people  employed  at  the  LEAD  as  civilians  or  military 
personnel  as  manufacturing  workers  or  office  staff. 
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Groundwater  Use 


Potable  water  for  the  LEAD  is  supplied  by  the  Kentucky-American  Water  Company.  The 
Kentucky- American  Water  Company  receives  75  percent  of  its  water  from  the  Kentucky  River 
at  the  Kenmcky  River  Station  located  off  Evans  Mill  Road,  12  miles  southeast  of  downtown 
Lexington.  The  other  25  percent  of  its  water  source  is  supplied  from  Jacobsen  Reservoir  at  the 
Richmond  Road  Station  located  a  little  east  of  the  Kentucky  River  Station. 

There  are  four  water  supply  wells  located  near  the  southern  boundary  of  the  base  which  have 
been  used  as  a  backup  water  supply  in  the  past.  The  four  wells  are  capable  of  providing  a 
combined  total  of  800  gallons  per  minute.  Three  of  the  four  wells  were  accessible  for  sampling 
during  the  groundwater  investigation  of  the  southern  portion  of  the  LEAD  site.  Results  of  the 
sampling  and  analysis  for  the  three  wells  (W008WS0176,  W01WSO1150,  and  W09WS01150) 
are  provided  in  Appendix  K.  Chemicals  detected  were  primarily  naturally  occurring  inorganics, 
benzene  (detected  below  Kentucky  Domestic  Water  Criterion),  and  DDT  (detected  above 
Kentucky  Domestic  Water  Criterion). 

The  main  water-bearing  formation  in  the  area  of  the  LEAD  facility  is  the  Lexington  Limestone 
Formation.  A  drainage  divide  exists  along  the  northern  edge  of  the  facility.  On  the  north  side 
of  this  divide,  groundwater  flow  is  in  a  northerly  direction  toward  tributaries  of  Hutchison  Creek. 
On  the  south  side  of  the  divide,  groundwater  flows  to  any  of  several  intermittent  tributaries  of 
North  Elkhom  Creek.  The  tributaries  are  not  suitable  for  swimming  or  fishing  because  of  the 
intermittent  behavior,  but  do  provide  habitats  for  certain  aquatic  plants  and  animal  species. 

Potable  water  for  the  majority  of  the  surrounding  area,  within  a  one  mile  radius,  is  also  serviced 
by  the  Kentucky-American  Water  Company.  In  June  of  1994,  Sverdrup  Environmental,  Inc. 
(SVE)  conducted  a  door-to-door  well  survey  within  a  one  mile  radius  of  LEAD  (refer  to 
Appendix  I).  Information  concerning  potable  water  source  was  obtained  from  1 12  residences  out 
of  a  total  of  120  residences.  Information  could  not  be  obtained  from  eight  of  the  residences  due 
to  no  response  from  the  resident  or  no  occupancy  at  the  location.  The  Kentucky-American  Water 
Company  was  the  source  of  water  for  108  of  the  112  residences.  The  other  four  residences  are 
supplied  through  cisterns. 
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Twenty  residents  reported  having  wells  on  their  property.  Four  of  the  twenty  residents  have 
wells  that  are  active.  There  are  a  total  of  five  active  wells,  three  of  which  supply  water  to 
livestock,  one  supplies  water  to  a  geothermal  heating  system,  and  one  supplies  water  to  a 
batching  operation. 

In  addition,  SVE  conducted  a  water  usage  search  within  a  four  mile  radius  of  LEAD  based  on 
water  supply  maps  provided  by  the  Kentucky-American  Water  Conq>any  and  the  Boonesborough 
Water  Association  (BWA).  Based  on  a  review  of  the  available -maps  and  conversations  with 
Kentucky-American  Water  Company  and  BWA,  it  was  determined  that  wells  or  springs  are  not 
used  as  potable  water  sources  within  the  four  mile  radius. 

6.3.2  Identiflcation  of  Exposure  Pathways 

Exposure  pathway  assumptions  for  hazardous  waste  sites  vary  on  a  site-by-site  basis,  according  to 
conditions  which  are  known  to  exist  in  the  vicinity  of  the  site.  The  scenarios  herein  described  have  been 
developed  to  characterize  population  activities  specific  to  the  LBAD  which  may  lead  to  exposures  to  site- 
related  chemicals  of  potential  concern.  Although  the  scenarios  are  intended  to  portray  the  maximally 
exposed  human  receptors,  emphasis  is  placed  on  selecting  exposure  assunqitions  which  are  reasonable, 
and  physically  and  conceptually  feasible. 

6.3.2. 1  Areas  of  Contamination 

As  described  in  Section  6. 1 .2.2,  the  areas  of  potential  contamination  have  been  divided  into  two  distinctly 
different  groundwater  areas  referred  to  as  the  northern  and  southern  portions  of  LBAD.  Table  6-1  lists 
the  various  SWMUs/ Areas  of  Concern  associated  with  each  designated  groundwater  area.  The  wells  on 
site  were  installed  to  investigate  potential  migration  from  these  SWMUs/Areas  of  Concern  into 
groundwater. 

6. 3. 2. 2  Chemical  Fate  and  Transport 

The  sources  of  chemical  release  for  the  LBAD  are  described  in  Section  6.3  of  this  report.  This  section 
presents  a  thorough  evaluation  of  how  the  chemicals  present  in  these  sources  may  be  released  to  the 
environment  and  transported  to  a  point  where  they  could  potentially  impact  a  given  population  group. 
The  evaluation  of  a  chemical  release  and  transport  mechanism  here  does  not  necessarily  mean  that  a 
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complete  exposure  pathway  related  to  that  mechanism  exists.  This  is,  rather,  an  intermediate  step  in  the 
determination  of  the  complete  exposure  pathways  for  the  LEAD. 

The  chemicals  of  potential  concern  in  groundwater  include  volatile  organic  compounds,  semivolatile 
organic  compounds,  and  metals.  As  can  be  seen  in  the  site  conceptual  model  (Figure  6-4),  these 
chemicals  may  be  released  to  surface  water  through  groundwater  recharge  to  seeps,  creeks,  streams,  etc. 

6. 3.2. 3  •  Human  Activity  Patterns 

Exposure  pathways  describe  the  movement  of  chemicals  from  sources  to  locations  (exposure  points) 
where  exposed  populations  (receptors)  come  in  contact  with  the  chemicals.  This  movement  usually 
involves  release  of  chemicals  from  the  source  to  an  intermediate  environmental  transport  medium  between 
source  and  receptor  point.  Exposure  routes  describe  the  modes  of  contact  with,  and  intake  of, 
environmental  media  and  chemicals  at  exposure  points.  The  first  two  elements  of  an  exposure  pathway 
have  been  addressed  previously  and  in  other  sections  of  this  report.  The  following  discussion  focuses 
on  an  evaluation  of  exposure  points  and  routes  of  exposure,  so  that  the  determination  can  be  made  as  to 
what,  if  any,  pathways  of  exposure  exist. 

6. 3. 2.4  Exposure  Points 

Exposure  points  are  the  environmental  media  which  serve  as  the  potential  vehicle  for  contact  between  site- 
related  chemicals  and  receptors.  Since  groundwater  is  the  only  medium  evaluated  in  this  report,  exposure 
to  groundwater  used  for  domestic  purposes  is  the  only  point  of  exposure. 

6. 3. 2. 5  Potentially  Complete  Exposure  Pathways 

In  order  for  an  exposure  pathway  to  be  considered  complete,  three  factors  must  be  present 
simultaneously.  Namely,  there  must  be  a  source  or  release  of  chemicals;  a  receptor;  and  a  transport 
vehicle  or  mechanism  by  which  the  receptor  can  be  exposed  to  the  chemical.  The  description  of  exposure 
pathways  possible  for  the  LEAD  SWMUs  and  Areas  of  Concern  is  organized  by  current  and  future  land 
use  considerations.  The  site  conceptual  model  in  Figure  6-4  provides  a  presentation  of  the  matrix  of 
potential  routes  of  exposure  which  were  considered  in  evaluating  the  LEAD.  This  evaluation  of  exposure 
pathways  is  based  on  the  groundwater  data  collected  during  Phase  I  and  II  of  the  RFI. 
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A  detailed  accounting  of  the  methods,  equations,  and  parameter  values  utilized  in  the  calculation  of 
exposure  estimates  for  existing  and  future  human  receptor  populations  is  provided  in  Appendix  P.  The 
determination  of  the  potential  exposures  associated  with  chemicals  of  potential  concern  in  groundwater 
at  the  LEAD  Facility  was  performed  on  an  area-specific  basis.  Potentially  exposed  populations  and 
exposure  routes  were  determined  based  on  the  future  use  designation  of  that  particular  area.  Because  of 
the  large  area  encompassed  by  the  LEAD,  each  SWMU  and  Area  of  Concern  was  evaluated  as  an 
individual  exposure  area  for  media  other  than  groundwater.  However,  groundwater  exposure  was 
analyzed  independent  of  these  smaller  areas.  Therefore,  while  groundwater  risk/hazard  results  are 
associated  with  either  the  northern  or  southern  portion  of  LEAD,  the  other  media  have  risk/hazard  results 
associated  with  an  individual  SWMU.  Finally,  the  area-specific  risk/hazard  results  are  added  to  the 
results  of  the  smaller  areas  within  the  main  larger  areas  in  order  to  derive  risk/hazard  values  with  all 
media  included.  The  compilation  of  results  from  this  groundwater  report  and  the  previous  RFI  (U.S. 
AEC,  1994)  have  been  presented  in  Appendix  R  in  order  to  assess  potential  risks  and  hazards  across  all 
media.  The  types  of  activities  performed  previously  in  the  different  facility  areas  have  varied  historically 
across  the  site.  Such  variety  in  potential  site  land  uses  will  likely  continue  into  the  future  (based  on  the 
presence  of  existing  buildings,  the  golf  course,  etc.).  This  approach  also  allows  for  the  quantification 
of  area-specific  exposures,  hazards,  and  risks  which  can  be  addressed  individually  if  remedial  measures 
are  required. 

Existing  Human  Receptor  Population  Exposures 

Figures  6-2  and  6-5  show  the  land  use  categories/zoning  designations  for  the  LEAD.  Two  primary  land 
use  designations  exist  for  the  LEAD,  namely  light  industrial  and  general  rural.  Site  activities  are 
currently  consistent  or  were  historically  consistent  with  commercial/occupational  or 
residential/recreational  open  space  use.  The  LEAD  is  scheduled  for  closure  in  1995.  The  worker 
population  on-site  is  decreasing  in  anticipation  of  the  closure  activities.  There  are  some  base  personnel 
who  live  on-site.  However,  groundwater  exposure  for  existing  occupational  and  residential  receptors  is 
assumed  not  to  occur.  Potable  water  for  the  LEAD  is  supplied  by  the  Kentucky-American  Water 
Company.  On-site  water  supply  wells,  if  used,  function  as  a  water  source  for  the  steam  heating  system. 
Currently  there  are  4  wells;  one  has  a  broken  pump;  two  are  connected  but  the  pipe  is  broken;  and  the 
last  one  is  operating,  but  not  in  use.  Existing  exposure  to  groundwater  will  not  be  included  as  a  pathway 
of  concern. 
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At  present,  Avon  community  residences  are  located  on  the  southeast  boimdary  of  the  LEAD.  However, 
these  homes  are  not  located  directly  in  or  on  areas  which  have  been  identified  as  contaminated  or  known 
to  have  been  subjected  to  past  site  dumping  activities.  Therefore,  these  existing  receptor  populations  must 
enter  into  the  immediate  vicinity  of  the  contaminated  areas  during  such  activities  as  working,  trespassing, 
or  other  activities  which  involve  visits  to  the  LEAD.  As  with  the  existing  on-site  LEAD  residents,  the 
off-site  residents’  exposure  to  groundwater  at  LEAD  would  be  non-existent. 

Future  Use/Residential  Human  Receptor  Population  Exposures 

The  land  use  designations  for  the  LEAD  premises  are  presented  in  Figures  6-2  and  6-5.  The  current  land 
use  categories  for  the  sites  are  light  industrial  and  general  rural.  It  is  expected  that  the  future  land  use 
at  the  LEAD  will  follow  a  similar  trend.  As  noted  in  Section  6.3. 1.2,  the  redevelopment  plan  for  the 
LEAD  indicates  that  areas  currently  zoned  for  general  rural  use  are  proposed  to  be  utilized  for  a  regional 
park,  while  an  industrial  park  is  planned  for  the  LEAD  areas  zoned  for  industrial  use. 

Exposure  scenarios  for  the  areas  zoned  general  rural  could  include  farming  or  residential  development. 
Although  such  areas  are  proposed  for  the  development  of  a  regional  park,  the  hypothetical  residential 
scenario  provides  a  conservative  approach  to  evaluating  potential  future  receptor  exposures  in  the  vicinity. 
Eecause  the  areas  zoned  for  general  land  use  are  not  currently  developed  with  existing  structures  and 
buildings,  the  possibility  exists  that  the  area  could  be  utilized  for  residential  purposes.  The  exposure 
scenarios  for  the  area  zoned  light  industry  would  most  likely  be  limited  to  occupational  exposures.  In 
the  unlikely  event  that  future  land  use  plans  for  the  currently  light-industrial  area  would  be  changed  to 
incorporate  a  residential  development,  many  changes  would  need  to  be  made.  The  light  industrial  areas 
are  characterized  by  a  number  of  pre-existing  buildings  and  structures  which  would  serve  as  possible 
obstacles  (necessitating  costly  removal  or  demolition)  for  other  land  uses  such  as  residential  or 
agricultural  use.  In  addition,  zoning  in  the  light-industrial  area  would  have  to  be  changed  to  a 
classification  similar  to  the  surrounding  "general  rural"  classification.  However,  as  a  conservative 
measure,  a  hypothetical  future  residential  scenario  will  be  evaluated  for  both  groundwater  areas, 
regardless  of  current  zoning  and  property  use.  In  addition,  the  more  reasonable  future  occupational 
scenario  will  also  be  included  for  both  groundwater  areas.  The  future  use  scenario  assumes  that  no 
remedial  action  will  be  implemented  at  the  site. 
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Residential  Scenario 


Residential  exposure  to  groundwater  will  occur  in  the  fiiture  if  groundwater  wells  are  installed  and 
utilized  as  water  supply  sources.  The  routes  of  exposure  under  this  scenario  would  be  ingestion, 
inhalation  of  vapors  while  showering,  and  dermal  contact  while  showering.  It  is  assumed  that  the 
residential  exposure  to  groundwater  would  be  the  same  for  a  farming  family. 

The  receptors  examined  under  the  future  residential  development  scenario  are  adults  and  children.  It  is 
assumed  as  a  conservative  measure  that  these  receptors  will  reside  directly  on-site  and  derive  their 
drinking  water  from  a  groundwater  well  installed  on-site.  However,  the  likelihood  of  future  residential 
water  supply  wells  being  installed  on  site  is  minimal  since  public  water  supply  is  readily  available  to  the 
area.  In  addition,  the  amount  of  available  groundwater  in  the  northern  section  of  the  site  would  be 
insufficient  to  support  a  residential  well. 

The  potential  exposure  to  receptors  is  examined  from  the  perspective  of  a  ftiture  resident  who  lives  on-site 
for  a  total  of  30  years.  Adult  and  child  subchronic  exposures  for  a  five-year  exposure  period  were  also 
evaluated.  The  exposure  assumptions  will  be  made  that  each  of  these  receptors  will  shower  once  each 
day  for  350  days  each  year.  Assuming  350  days/year  accounts  for  approximately  two  weeks  spent  away 
from  the  residence  each  year.  In  addition,  it  is  assumed  that  an  adult  will  ingest  two  liters  of  water  each 
day  for  the  same  time  period,  and  a  child  will  ingest  one  liter  each  day. 

Occupational  Scenario 

Even  in  a  very  conservative  scenario,  future  occupational  exposure  to  groundwater  would  be  limited  to 
ingestion.  As  a  more  likely  alternative  scenario  to  the  residential  scenario,  this  occupational  exposure 
route  was  evaluated  for  both  the  northern  and  southern  portions  of  the  site.  The  primary  receptor 
examined  under  the  future  commercial  use  scenario  is  an  on-site  adult  worker  aged  18  years  or  older. 
As  with  the  future  residential  scenario,  groundwater  exposures  in  the  occupational  scenario  are  not  likely 
to  occur  in  association  with  on  site  groundwater  use.  The  LEAD  facility  is  supplied  with  potable  water 
from  the  Kentucky- American  Water  Company.  The  four  water  supply  wells  located  on  the  base  are  used 
as  a  backup  water  supply  for  steam  heating  the  facility.  It  is  most  likely  that  any  future  drinking  water 
used  at  this  facility  would  continue  to  be  supplied  from  off  site.  However,  as  a  conservative  measure, 
on  site  groundwater  use  will  be  evaluated  for  a  25  year  long  term  and  a  5  year  short  term  worker 
ingesting  one  liter  per  day  for  250  days/year. 
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63.2.6 


Summary  of  Pathways  Selected  for  Quantification 


The  following  pathways  were  eyaluated  quantitatiyely  in  the  baseline  risk  assessment: 

•  Ingestion  of  groimdwater. 

•  Inhalation  of  groundwater  while  showering,  residential  scenario  only. 

•  Dermal  contact  with  groundwater  while  showering,  residential  scenario  only. 

As  indicated  in  the  site  conceptual  model  in  Figure  6-4  the  primary  exposure  pathways  for  existing  and 
hypothetical  future  receptors  at  the  LEAD  also  include  other  potential  pathways  such  as:  ingestion  of 
different  farm  animals  and  produce;  ingestion  of,  inhalation  of,  and  dermal  contact  with  chemicals  in 
soils;  dermal  contact  with  sediment  and  surface  water;  and  ingestion  of  wildlife  (such  as  deer,  rabbits, 
etc.).  The  eyaluation  of  enyironmental  media  other  than  groundwater-related  exposures  were  eyaluated 
quantitatiyely  in  the  baseline  risk  assessment  submitted  as  part  of  the  RFI  dated  April  of  1994. 
Therefore,  the  groundwater  is  being  eyaluated  as  a  separate  operable  unit  in  this  report. 

6.3.3  Quantification  of  Exposure 

Estimates  of  exposure  leyels  for  each  contaminant  are  required  for  quantitative  risk  characterization.  The 
basic  equation  used  to  calculate  human  intake  of  an  environmental  contaminant  is: 

DI  =  C  X  HIF 

where: 

DI  =  daily  intake  (mg  of  chemical  per  kg  of  body  weight  per  day) 

C  =  concentration  of  the  chemical 

HIF  =  human  intake  factor  (units  of  medium  per  kg  body  weight  per  day) 

Each  intake  variable  in  the  above  equation  has  a  range  of  values.  For  Superfund  exposure  assessments, 
intake  variable  values  for  a  given  pathway  are  to  be  selected  so  that  the  combination  of  all  intake 
variables  result  in  an  estimate  of  the  reasonable  maximum  exposure  (RME)  for  that  pathway  (U.S.  EPA 
1989a).  The  RME  is  defined  as  the  maximum  exposure  that  is  reasonably  expected  to  occur  at  or  near 
a  site.  This  section  of  the  risk  assessment  presents  a  discussion  of  the  determination  of  the  two  key 
variables  just  described,  the  exposure  concentration  and  the  human  intake  factors. 
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6.3.3.1 


Calculation  of  Exposure  Point  Concentrations 


The  concentration  term  in  the  intake  equation  generally  utilizes  the  arithmetic  average  of  the  concentration 
that  is  contacted  over  the  exposure  period.  Because  of  the  uncertainty  associated  with  any  estimate  of 
exposure  concentrations,  the  upper  confidence  limit  [i.e.,  the  95  percent  upper  confidence  limit  (UCL)] 
or  the  maximum  media-specific  chemical  concentration  (whichever  is  lower)  was  used  for  this  variable. 
Exposure  point  concentrations  were  derived  using  the  methodology  outlined  in  the  U.S.  EPA’s  HHEM, 
Supplemental  Region  IV  Risk  Assessment  Guidance,  and  U.S.  EPA's  "Supplemental  Guidance  to  RAGs: 
Calculating  the  Concentration  Term"  (U.S.  EPA,  1989a;  U.S.  EPA,  1989b;  U.S.  EPA,  1992a).  A 
description  of  the  calculations  utilized  is  provided  in  Appendix  K.  Standard  statistical  methods  were  used 
to  calculate  the  upper  confidence  limit  on  the  arithmetic  mean.  A  log  normal  distribution  was  assumed 
for  the  data  for  the  LEAD  groundwater  areas,  with  the  exception  of  chemicals  where  only  two  data  points 
were  available.  The  maximum  concentration  detected  was  assumed  to  be  the  exposure  point  concentration 
when  only  two  data  values  were  available  for  a  particular  chemical.  Chemical-specific  exposure 
concentrations  utilized  in  the  risk  assessment  for  quantification  of  exposure  are  provided  in  Table  6-5. 

6. 3. 3. 2  Calculation  of  Human  Intake  Factors 

Derivation  of  human  intake  factors  (HIFs)  involves  consideration  of  U.S.  EPA  guidance  and  an  evaluation 
of  site  specific  factors  which  influence  human  exposures.  The  major  U.S.  EPA  guidance  documents  that 
provide  information  for  deriving  HIFs  include  the  HHEM  and  HHEM  supplement  (U.S.  EPA,  1989b; 
1991a),  the  Superfund  Exposure  Assessment  Manual  (SEAM)  (U.S.  EPA,  1988b)  and  the  Exposure 
Factors  Handbook  (EFH)  (U.S.  EPA,  1989c).  The  HHEM  summarizes  much  of  the  information  provided 
by  the  SEAM  and  the  EFH  and  was  used  as  the  primary  source  for  information  used  to  derive  HIFs  for 
the  LEAD  risk  assessment. 

An  important  component  of  each  HIF  term  is  the  average  exposure  time  (AET),  which  gives  the  average 
time  per  day  that  exposure  occurs,  taking  into  consideration  any  necessary  adjustments  for  less  than 
continuous  exposure.  In  general,  this  adjustment  is  described  as  follows: 

The  exposure  duration  is  the  number  of  years  a  person  is  exposed.  The  appropriate  averaging  time  for 
use  in  this  expression  depends  upon  the  length  of  time  required  for  an  adverse  health  effect  to  occur.  The 
averaging  time  is  assumed  to  be  a  lifetime  (70  years)  for  exposures  to  chemicals  associated  with 
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carcinogenic  effects.  An  averaging  time  equal  to  the  exposure  duration  is  assumed  for  chronic  exposure 
to  noncarcinogens,  as  per  HHEM  and  HHEM  supplemental  guidance  (U.S.  EPA,  1989a;  1991). 


The  exposure  frequency  term  describes  the  fraction  of  the  exposure  duration  during  which  exposure 
activity  occurs.  This  may  depend  both  on  the  nature  of  the  activity  (i.e.,  hours/day,  days/week  or 
weeks/year  spent  in  an  activity),  and  on  seasonal  variations  that  influence  the  source  and  potential 
exposure  to  the  source.  Other  terms  in  the  derivation  of  HIE  values  depend  on  the  specific  exposure 
routes  being  considered.  The  derivation  of  HIE  values  for  each  of  these  exposure  scenarios  is  detailed 
in  Appendix  L.  Exposure,  frequencies,  and  durations  for  the  existing  and  potehtial  receptor  populations 
will  be  defined  for  each  exposure  scenario  to  be  evaluated  quantitatively  in  the  risk  assessment. 

6. 3. 3. 3  Calculation  of  Average  Daily  Intake  (PI) 

As  indicated  above,  the  calculation  of  the  average  DI  involves  the  multiplication  of  the  media-specific 
chemical  concentration  by  the  HIE.  The  resulting  Dl  provides  an  indication  of  the  potential  daily  intake 
averaged  over  a  lifetime  (i.e.,  70  years)  for  carcinogenic  effects  or  an  exposure  period  for 
noncarcinogenic  effects.  The  DI  then  represents  an  estimate  of  the  average  daily  exposure  which  may 
be  associated  with  the  distribution  of  the  media-specific  chemical  concentrations  detected  at  the  LEAD. 

6. 3. 3. 4  Estimation  of  Lead  Exposure 

Lead  exposure  is  typically  measured  by  blood  lead  levels  {ng  lead/deciliter  (dl)  blood)  in  the  scientific 
literature.  Blood  concentrations  are  associated  with  clinical  signs  of  toxicity.  Similarly  lead  exposure 
levels  noted  to  be  associated  with  toxic  endpoints  are  reported  in  terms  of  blood  lead  levels.  The  U.S. 
EPA  has  developed  a  biokinetic  uptake  model  for  the  personal  computer  which  can  be  used  to  estimate 
blood  lead  levels  in  children  from  0  to  84  months  old  (U.S.  EPA,  1991e).  Site-specific  information  (eg. 
site-specific  lead  concentrations  in  soil,  air,  house  dust,  and  drinking  water)  can  be  incorporated  into  the 
model  in  addition  to  well  documented  default  settings.  The  lead  biokinetic  uptake  model  was  used  to 
estimate  the  lead  exposure  which  may  be  experienced  by  a  child  under  existing  and  future  residential 
scenarios.  The  parameter  assumptions  and  results  of  the  model  are  presented  in  Appendix  M.  In 
addition,  as  per  KDEP’s  internal  risk  assessment  guidance,  lead  was  also  evaluated  using  standard  risk 
assessment  exposure  calculations. 
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6.4  TOXICITY  ASSESSMENT 


The  toxicity  assessment  provides  information  relevant  to  the  toxic  potential  of  the  chemicals  of  potential 
concern.  These  data  are  derived  from  laboratory  research  studies.  U.S.  EPA  evaluates  chemical-specific 
toxicity  data  to  derive  appropriate  toxicity  criteria  or  guidelines  for  the  protection  of  human  health. 
Toxicity  factors  have  been  derived  for  carcinogenic  and  noncarcinogenic  (chronic  and  subchronic) 
endpoints. 

6.4.1  Health  Effects  Criteria  Classification  and  Criteria  Develojanent 

A  sununary  of  the  critical  toxic  effects  associated  with  the  chemicals  of  potential  concern  at  the  LEAD 
are  provided  in  Table  6-6.  The  table  was  developed  based  on  the  U.S.  EPA’s  Integrated  Risk 
Information  System  (IRIS,  1994)  and  Health  Effects  Summary  Tables  (HEAST,  1994)  databases.  It  is 
intended  the  summary  will  provide  a  general  indication  of  the  toxicity  information  which  has  been 
considered  for  the  preparation  of  reference  dose  (RfD)  values  and  cancer  slope  factors  (SF)  used  in  health 
effects/risk  assessments.  RfDs  are  chemical  exposure  levels  which  are  expected  to  be  without  adverse 
health  consequences  over  a  lifetime  of  daily  exposure.  The  cancer  slope  factors  or  unit  risk  estimates  are 
characterized  as  upper-bound  estimates.  The  true  risk  to  humans,  while  not  identifiable,  is  not  likely  to 
exceed  the  upper-bound  estimate  and  in  fact  may  be  lower.  U.S.  EPA  cancer  classifications  represent 
weight-of-evidence  judgments  of  the  likelihood  that  a  chemical  is  a  human  or  animal  carcinogen.  These 
toxicity  data  and  recommended  exposure  estimates  are  subject  to  uncertainties  and  limitations.  In  many 
cases,  recommended  human  exposure  levels  were  extrapolated  from  animal  effects  data.  In  addition, 
when  toxicity  information  was  not  available  for  all  exposure  routes,  data  from  ingestion  studies  were  used 
by  U.S.  EPA  to  derive  an  inhalation  RfD  or  cancer  slope  factor,  and  vice  versa  (HEAST,  1994). 

6.4.2  Health  Effects  Criteria  for  the  Chemicals  of  Potential  Concern 

The  toxicity  values  recommended  by  U.S.  EPA  for  assessing  the  risks/hazards  of  oral,  inhalation,  and 
dermal  exposure  to  the  chemicals  of  potential  concern  are  provided  in  Table  6-7.  Dermal  toxicity  is 
assessed  by  utilizing  oral  toxicity  values  which  have  been  adjusted  for  absorption  efficiency.  Appendix 
N  provides  a  description  of  the  sources  utilized  to  determine  the  chemical-specific  oral  absorption  factors 
required  for  deriving  adjusted  toxicity  values  for  dermal  exposure.  These  toxicity  summary  tables  were 
developed  primarily  from  the  U.S.  EPA’s  IRIS,  and  the  HEAST  bases  (IRIS,  1994;  HEAST,  1993). 
The  IRIS  toxicity  printouts  for  the  chemicals  of  concern  are  provided  in  Appendix  Q. 
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According  to  the  U.S.  EPA’s  HHEM  (U.S.  EPA,  1989a),  exposures  to  chemicals  with  noncarcinogenic 
effects  are  considered  to  be  chronic  if  the  exposure  duration  exceeds  seven  years  or  subchronic  if  the 
exposure  duration  is  less  than  seven  years.  Subchronic  RfDs  for  noncarcinogens  should  be  used  in  the 
subchronic  exposure  and  hazard  calculations  for  chemicals  with  noncancer  effects.  However,  per  U.S. 
EPA  Region  IV  Risk  Assessment  guidance,  chronic  toxicity  values  were  used  for  the  subchronic 
childhood  exposure  duration. 

The  potential  toxicity  of  lead  concentrations  detected  on-site  was* evaluated  by  two  methods.  The  "first 
method  involved  comparing  blood  lead  levels  predicted  by  the  U.S.  EPA  lead  biokinetic/uptake  model 
(Appendix  M)  to  the  Center  for  Disease  Control’s  recommendation  that  conditions  associated  with  blood 
lead  levels  of  10  to  15  ng  lead/dl  blood  be  avoided  as  concentrations  at  this  level  may  result  in  toxic 
effects.  (ATSDR,  1988).  The  10  to  15  ng  lead/dl  blood  is  considered  to  be  a  range  within  which  adverse 
effects  such  as  neurotoxicity  can  occur  in  young  children.  The  Center  for  Disease  Control  (CDC)  issued 
a  revised  statement  on  Childhood  Lead  Poisoning  in  1991  (CDC,  1991).  This  statement  identified  a 
hierarchy  of  child  blood  lead  levels  and  associated  clinical  and  community  actions.  Child  blood  lead 
concentrations  of  10  ixg/dL  should  trigger  community  concern  as  to  potential  sources  of  exposure.  Lead 
levels  from  15-20  ng/dL  may  signal  undue  exposure  and  should  stimulate  appropriate  community  action. 
Children  with  blood  levels  between  20  and  49  fig/dL  should  be  medically  evaluated  for  appropriate 
intervention,  and  levels  of  over  49  jug/dL  should  be  considered  a  medical  Emergency.  No  distinction  in 
the  ranges  have  been  made  between  children  and  adults  for  blood  lead  levels  by  U.S.  EPA  or  for  the 
purposes  of  the  risk  assessment.  The  second  evaluation  of  lead  was  performed  per  KDEP  internal  risk 
assessment  guidance  (KDEP,  1994),  where  the  toxicity  values  for  lead  reported  in  the  U.S.  EPA’s  1986 
HEAST  were  employed  to  evaluate  lead  using  methods  outlined  in  the  U.S.  EPA’s  HHEM  (U.S.  EPA, 
1989a). 

It  should  be  noted  that  the  U.S.  EPA  has  not  developed  References  Doses  for  inorganic  lead.  However, 
use  of  the  previously  reported  1986  HEAST  values  was  recommended  as  appropriate  by  KDEP. 

6.5  RISK  CHARACTERIZATION 

The  risk  characterization  serves  to  provide  a  comparison  of  the  exposure  concentrations  estimated  in  the 
exposure  assessment  and  applicable  toxicological  or  dose-response  data  developed  in  the  toxicity 
assessment.  The  outcome  of  this  comparison  is  used  to  determine  whether  the  chemical  concentrations 
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detected  in  groundwater  at  the  LEAD  may  be  associated  with  adverse  effects  on  the  health  of  humans 
potentially  exposed  to  site-related  chemicals. 

The  risk  characterization  requires  that  the  potential  toxic  effects  associated  with  exposures  to  each  of  the 
chemicals  of  potential  concern  be  combined  across  environmental  media  and  exposure  pathways.  The 
feasibility  of  combining  hazards  and  risks  across  exposure  pathways  involves  a  conceptualization  of  the 
potential  activities  which  an  individual  receptor  might  reasonably  engage  in  over  the  identified  existing 
and  future  exposure  pericfds.  As  described  in  the  exposure  assessment  (Section  6.3),  it  is  reasonable  to 
assume  that  the  existing  and  future  adult  and  child  receptors  could  be  exposed  to  the  chemicals  of  concern 
through  direct  contact  or  exposure  to  site  soils,  dusts/vapors,  groundwater  surface  water,  sediments,  or 
fish.  Thus,  it  is  indeed  reasonable  to  combine  the  hazards  and  risks  across  environmental  media  and 
exposure  pathways.  However,  the  focus  of  this  report  is  to  characterize  the  risks  associated  with 
groundwater.  Therefore,  groundwater-specific  results  have  been  evaluated  separately  from  the  other 
media.  In  addition,  risk  and  hazard  results  across  all  evaluated  media  have  also  been  presented  in 
Appendix  R. 

The  potential  noncarcinogenic  hazards  and  carcinogenic  risks  were  evaluated  quantitatively  by  comparing 
exposure  estimates  to  toxicity  values  for  all  of  the  chemicals  of  concern.  The  U.S.  EPA  has  not 
developed  or  approved  reference  dose  or  cancer  slope  factor  values  for  lead.  However,  lead 
concentrations  were  evaluated  using  toxicity  values  published  in  the  1986  HEAST  (per  KDEP  internal 
risk  assessment  guidelines)  and  using  the  U.S.  EPA’s  lead  biokinetic/uptake  model  described  in  Section 
6.4  in  conjunction  with  the  toxicologic  information  for  lead  presented  in  the  toxicity  assessment  (Section 
6.5,  Appendix  M).  The  results  of  the  uptake/biokinetic  model  risk  characterization  for  the  lead  levels 
detected  at  the  LEAD  are  described  in  this  section  in  addition  to  the  results  of  the  risk  characterization 
for  the  noncarcinogenic  hazards  and  carcinogenic  risks  for  the  other  chemicals  of  concern. 

Evaluation  of  Noncarcinogenic  Hazards 

The  risk  of  adverse  noncarcinogenic  effects  from  chemical  exposure  is  expressed  in  terms  of  the  Hazard 
Quotient  (HQ).  The  HQ  is  the  ratio  of  the  estimated  dose  which  a  human  receives  to  the  estimated  dose 
level  believed  to  be  safe,  the  RfD  (as  discussed  in  Section  6.5).  This  is  calculated  as  follows: 

HQ  =  DI/RfD 
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Where; 


HQ  = 

Hazard  Quotient  for  Exposure 

DI 

Daily  Intake 

RfD  = 

Reference  Dose 

Chemical-specific  HQs  are  summed  for  environmental  media  and  exposure  pathways  to  derive  the 
total  Hazard  Index  (HI). 

If  the  HI  value  is  less  than  1.0,  it  is  believed  the  potential  for  noncarcinogenic  injury  is  low.  If  the  HI 
exceeds  1.0,  some  risk  of  noncarcinogenic  effects  may  exist.  However,  because  most  RfD  values  are 
derived  in  a  conservative  fashion,  an  HI  value  greater  than  1.0  does  not  imply  that  an  adverse  effect  will 
necessarily  occur.  The  evaluation  of  noncarcinogenic  risks  presented  here  is  based  on  short-term 
(subchromc)  exposure  to  the  chemicals  of  potential  concern.  Subchronic  hazards  were  evaluated  in  the 
case  of  future  receptors  exposed  for  less  than  seven  years. 

The  available  RfD  values  for  the  chemicals  of  potential  concern  are  presented  in  Table  6-7.  Using  the 
previous  equation,  the  DI  values  presented  in  Appendix  O,  and  the  RfD  values  presented  in  Table  6-7, 
an  HI  for  each  of  the  exposures  considered  in  this  risk  assessment  was  calculated  for  each  chemical  of 
potential  concern  associated  with  that  pathway.  The  results  of  these  calculations  are  summarized  in 
Tables  6-9  and  6-10.  Detailed  hazard  calculations  are  also  provided  in  Appendix  O. 

Evaluation  of  Carcinogenic  Riskc 

The  risk  of  cancer  from  exposure  to  a  chemical  is  described  in  terms  of  the  probability  that  an  individual 
exposed  for  his  or  her  entire  lifetime  will  develop  cancer.  This  value  is  calculated  by  multiplying  the 
average  daily  intake  over  a  lifetime  (the  GDI)  by  the  CSF  for  the  chemical; 

Cancer  Risk  =  1  -  exp  (-GDI  x  CSF) 

In  most  cases  (except  when  the  product  of  GDI  x  CSF  is  larger  than  about  0.01),  cancer  risk  may  be 
estimated  more  simply  as; 


Cancer  Risk  =  CDI  x  CSF 
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Risk  estimates  are  presented  as  excess  cancer  risk  per  unit  of  population.  For  exanq)le,  a  risk  estimate 
of  lE-04  is  equivalent  to  one  excess  occurrence  of  cancer  per  10,000  individuals  in  a  given  population. 
Using  the  above  equation  and  employing  the  DI  values  previously  calculated  (Appendix  O),  along  with 
the  CSF  values  (Table  6-7),  cancer  risks  were  calculated  for  chronic  (lifetime)  exposures  which  may 
occur  at  the  LEAD.  A  summary  of  the  results  are  presented  in  Tables  6-9  and  6-10.  Detailed  risk 
calculations  are  also  provided  in  Appendix  O. 

It  is  important  to  note  that  the  total  carcinogenic  risk  estimates  for  each  exposure  pathway  presented  in 
Tables  6-9  and  6-10  represent  the  summation  of  the  individual  carcinogenic  risk  estimates  calculated  for 
each  potentially  carcinogenic  chemical  of  concern.  A  total  cancer  risk  for  each  of  the  LEAD  SWMUs 
and  Areas  of  Concern  (determined  by  summing  all  of  the  individual  pathway  risks)  is  also  presented. 

The  U.S.  EPA  has  set  risks  on  the  order  of  l.OE-04  to  l.OE-06  as  the  target  range  for  acceptable  risks 
at  Superfiind  Sites  and  RCRA  Hazardous  Waste  Management  Facilities  (U.S.  EPA,  1991d;  U.S.  EPA, 
1990a).  According  to  OSWER  Directive  9355.0-30  (April  22,  1991),  the  total  site  risk  to  an  individual 
should  not  exceed  l.OE-04  for  lifetime  excess  cancer  risk.  KDEP  internal  risk  assessment  guidelines 
recommend  lE-06  as  the  criterion  risk  level. 

6.5.1  Potential  Hazards  and  Risks  Estimated  for  SWMUS  and  Areas  of  Concern 

An  overall  summary  of  the  results  of  the  noncancer  hazard  and  carcinogenic  risk  results  for  each  of  the 
SWMUs  and  Areas  of  concern  evaluated  quantitatively  in  the  human  health  risk  assessment  is  provided 
in  Table  6-11. 

6. 5. 1.1  Risk  Characterization  Results  for  the  Northern  Portion  of  LEAD 

The  Northern  portion  of  LEAD  was  evaluated  for  hypothetical  future  residential  and  occupational 
exposure  pathways.  Long  and  short  term  potential  adult  and  child  exposures  were  evaluated  for  the 
residential  scenario,  and  the  occupational  scenario  was  evaluated  for  long  and  short  term  adult  exposure. 

With  respect  to  noncarcinogenic  effects,  the  noncancer  hazard  was  above  unity  for  hypothetical  future 
residential  short-  and  long-term  adult  (hazard  index  of  16.6  and  63.1,  respectively)  and  child  (hazard 
index  of  35.9)  exposures.  Potential  ingestion  of  lead,  manganese,  sodium  and  thallium  provided  the 
primary  contribution  to  the  total  hazard  for  the  adult  exposures.  Ingestion  of  arsenic,  lead,  manganese 
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and  thallium  were  associated  with  the  total  hazard  for  the  child  exposures.  Ingestion  of  manganese  and 
thallium  provided  the  majority  of  the  hazard  of  5.74  and  19.0  for  the  occupational  short  and  long  term 
receptors,  respectively. 

Arsenic  and  beryllium  detected  in  groundwater  were  associated  with  carcinogenic  risks  on  the  order  of 
7E-05,  3E-04,  and  2E-04  for  future  hypothetical  residential  short-term  adult,  long-term  adult,  and  child 
exposures,  respectively.  The  primary  pathway  contributing  to  the  total  risk  was  ingestion.  However, 
dermal  contact  with  beryllium  in  groundwater  also  contributed  to  a  route-specific  risk  level  for  the  adult 
long-term  and  child  short-term  exposures.  Arsenic  and  beryllium  were  associated  with  the  short  and  long 
term  occupational  ingestion  risk  levels  of  3E-5  and  9E-5,  respectively. 

6  5.1.2  Risk  Characterization  Results  for  the  Southern  Portion  of  LEAD 

The  southern  portion  of  LEAD  was  also  evaluated  for  hypothetical  future  residential  and  occupational 
exposure  pathways.  Long  and  short  term  potential  adult  and  child  exposures  were  evaluated  for  the 
residential  scenario  and  the  occupational  scenario  was  evaluated  for  long  and  short  term  adult  exposure. 

With  respect  to  noncarcinogenic  effects,  the  noncancer  hazard  was  above  unity  for  hypothetical  future 
residential  short-  and  long-term  adult  (hazard  index  of  56.1  and  86.0,  respectively)  and  child  (hazard 
index  of  121)  exposures.  Potential  ingestion  of  antimony,  aluminum,  manganese,  and  thallium  and 
dermal  contact  with  manganese  provided  the  primary  contribution  to  the  total  hazard  for  the  adult 
exposures.  Potential  ingestion  of  antimony,  lead,  manganese,  and  thallium  and  dermal  contact  with 
manganese  were  associated  with  the  total  hazard  for  the  child  exposures.  Ingestion  of  antimony, 
manganese,  and  thallium  was  the  main  contributor  to  the  hazard  levels  of  19.3  and  29.8  for  the  short  and 
long  term  occupational  scenarios,  respectively. 

Vinyl  chloride,  beryllium  and  arsenic  detected  in  groundwater  were  associated  with  carcinogenic  risks 
on  the  order  of  lE-04,  6E-04  and  3E-04  for  future  hypothetical  residential  short-term  adult,  long-term 
adult,  and  child  exposures,  respectively.  The  primary  pathways  contributing  to  the  total  northern  portion 
risks  were  ingestion,  followed  by  dermal  contact  and  inhalation  of  chemicals  in  air.  Ingestion  of  arsenic 
and  beryllium  in  groundwater  contributed  the  majority  of  the  excess  risk  associated  with  occupational 
short  and  long  term  risk  levels  of  5E-5  and  2E-4,  respectively. 
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These  groundwater  risk  and  hazard  results  were  subsequently  compiled  with  results  from  the  other  media 
described  in  the  April  1994  RFI.  In  order  to  derive  a  SWMU-specific  total  risk/hazard  value,  this 
compilation  is  presented  in  Appendix  R.  The  calculations  in  this  appendix  combine  the  area-specific 
groundwater  results  with  each  of  the  SWMUs  associated  with  that  area.  This  approach  helps  to  derive 
exposure  values  based  on  the  hydrology  of  the  site,  while  addressing,  on  a  SWMU-specific  basis,  media 
that  could  or  already  have  impacted  the  groundwater. 

6.5.2  Uptake/Bioldnetic  Model  Risk  Characteriiation  for  Lead 

The  lead  biokinetic/uptake  model  (U.S.  EPA,  1991)  provides  an  estimate  of  blood  lead  levels  which 
would  be  expected  to  occur  in  association  with  media-specific  chemical  concentrations.  A  description 
of  the  model,  parameter  values  utilized  in  the  model,  and  results  of  the  model  calculations  are  described 
in  Appendix  M.  The  lead  biokinetic  model  provides  an  estunate  of  a  child’s  total  lead  uptake  from  diet, 
ambient  air  (indoor/outdoor),  drinking  water,  and  soil.  The  model  is  then  employed  to  predict  blood  lead 
levels  {fig  lead/dl)  based  upon  the  total  lead  uptake  across  all  media.  The  model  provides  blood  lead  level 
estimates  specific  to  the  child  receptor  (aged  zero  to  six  years).  Site-specific  information  can  be  included 
in  the  model  to  reflect  conditions  relative  to  lead  levels  in  the  soil,  groundwater,  and  air  identified  at  the 
LEAD.  Otherwise,  default  values  were  utilized  in  the  model.  For  the  northern  and  southern  portions 
of  LEAD,  site-specific  lead  levels  in  groundwater  were  used  as  parameter  values  in  the  model.  Elood 
lead  levels  of  10-15  fig/dl  are  considered  to  constitute  a  criterion  or  "cause  for  concern  range"  as  levels 
at  which  toxic  effects  might  occur  in  children  (U.S.  EPA,  1988;  U.S.  EPA,  1991e).  However,  lO^tg/dl 
will  be  considered  the  criterion  blood  level  that  will  constitute  a  cause  for  concern  for  exposure  to  lead 
in  children. 

As  described  in  Appendix  M,  the  U.S.  EPA  Eiokinetic  Uptake  Model  was  employed  to  evaluate  the 
groundwater  for  the  northern  and  southern  portions  of  the  facility.  Use  of  the  model  indicated  that  the 
criterion  value  of  10  jug/dl  blood  lead  level  in  more  than  five  percent  of  the  population  was  exceeded  in 
the  northern  and  southern  portions  of  LEAD.  It  should  be  noted  that  the  biokinetic  uptake  model 
calculates  blood  lead  levels  for  children  aged  zero  to  six  years  of  age.  The  potential  exposure  and  the 
relative  sensitivity  to  the  toxicity  of  lead  will  likely  be  lower  for  the  adult  receptor  compared  to  a 
residential  child  receptor.  Similarly,  the  potential  for  exposure  and  the  relative  sensitivity  to  the  toxicity 
of  lead  will  likely  be  lower  for  the  adult  worker  compared  to  a  residential  child  receptor.  The  model  was 
also  run  on  a  SWMU-specific  basis  for  SWMUs  that  had  soil  lead  concentrations  above  background. 
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This  SWMU-specific  analysis  was  done  using  lead  concentrations  in  groundwater,  soil,  and  modelled  air 
concentrations.  This  analysis  is  presented  in  Appendix  R. 

6.6  UNCERTAINTIES  IN  THE  BASELINE  RISK  ASSESSMENT 

Uncertainties  which  may  have  an  impact  on  the  estimates  of  exposure,  noncancer  hazard,  and 
carcinogenic  risk  are  identified  in  a  qualitative  manner  in  this  section.  Such  uncertainties  encompass  the 
general  headings  of  environmental  chemistry,  sampling,  and  analysis;  fate  and  transport  modeling; 
exposure  parameter  estimation;  and  toxicological  data. 

6.6.1  Environmental  Chemistry,  Sampling,  and  Analysis 

The  environmental  data  collected  from  a  site  serve  as  the  most  important  component  of  any  investigation. 
A  concerted  effort  was  employed  to  collect  and  analyze  the  environmental  sampling  data  for  the  site  to 
ensure  that  an  appropriate  level  of  reliability  and  validity  would  be  achieved  in  characterizing  site 
conditions.  However,  a  number  of  factors  related  to  environmental  chemistry,  sampling,  and  analysis 
may  introduce  some  level  of  variability  into  the  overall  results  of  the  risk  assessment. 

With  respect  to  the  chemistry  of  environmental  media  and  contaminants,  the  chemical  properties 
associated  with  chemicals  in  environmental  media  may  have  a  bearing  on  the  concentrations  reported  for 
a  particular  chemical.  The  concentrations  of  volatile  organic  compounds  may  decrease  between  the  time 
that  initial  sampling  activities  begin  and  the  actual  sample  is  collected  (i.e.,  through  volatilization  when 
the  sample  media  is  first  exposed  to  air).  Such  a  decrease  in  concentration  would  potentially  result  in 
a  decreased  estimate  of  exposure,  risk  and/or  hazard. 

The  selection  of  sampling  points  which  ultimately  comprise  the  exposure  area  for  receptors  can  result  in 
an  over-  or  under-estimation  of  total  exposure,  hazard,  and/or  risk.  It  is  difficult  to  sample  every  square 
foot  of  an  area  which  is  suspected  to  contain  environmental  contamination.  Rather,  screening  methods 
were  employed  to  identify  areas  of  contamination.  For  the  most  part  the  resulting  samples  selected  for 
laboratory  analysis  were  comprised  of  skewed  results  with  the  trend  being  for  positive  results.  These 
results  were  then  considered  to  be  representative  of  the  exposure  concentrations  which  occur  throughout 
the  entire  exposure  area.  Many  of  the  LEAD  SWMUs  and  Areas  of  Concern  are  comprised  of  sites  of 
significant  areal  extent.  It  was  assumed  that  the  samples  collected  and  analyzed  from  the  SWMUs  and 
the  Areas  of  Concern  were  characteristic  of  the  entire  SWMU  or  Area  of  Concern.  The  associated 
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exposures,  hazards,  and/or  risks  for  these  data,  in  turn,  may  have  been  over-  or  underestimated  because 
the  potential  for  exposure  to  the  positively  detected  compounds  may  or  may  not  be  as  high  as  was 
assumed  in  the  exposure  assessment. 

The  analytical  results  for  tentatively  identified  contaminants  (TICs)  provided  an  indication  that  additional 
chemicals  (which  were  not  considered  in  the  identification  of  chemicals  of  concern)  may  be  present  in 
the  SWMUs  and  Areas  of  Concern.  The  TICs  represent  potential  detections  of  chemicals  which  are 
matched  to  possible  chemical  names  or  compositional  identifiers  by  the  analytical  laboratory.  However, 
the  TICs  are  not  reported  by  the  analytical  laboratory  with  the  same  level  of  QA/QC  assurance  as 
chemicals  on  the  TAL  or  TCL.  The  chemical  name  or  identifier  associated  with  a  TIC  represents  the 
laboratory’s  best  guess  as  to  the  identity  of  the  compound.  In  addition,  toxicologic  information  is 
typically  lacking  for  TICs.  Therefore,  they  cannot  be  evaluated  quantitatively  in  a  risk  assessment 
without  assuming  toxicity  factors  for  chemicals  with  similar  structure  and  activity  or  physical  properties. 
Such  an  assumption  could  lead  to  an  over-  or  underestimation  of  exposure,  hazard,  and/or  risk.  Because 
TICs  were  present,  yet  not  evaluated  quantitatively  in  the  risk  assessment  for  the  LEAD  SWMUs  and 
Areas  of  Concern,  the  total  exposure,  hazard,  and  risk  estimates  are  likely  underestimated  for  the 
Facility.  However,  the  impact  of  the  addition  of  the  TICs  to  the  quantitative  risk  assessment  cannot  be 
estimated. 

6.6.2  Fate  and  Transport  Modeling 

For  chronic  and  lifetime  exposures,  the  simplifying  assumption  that  all  concentration  values  will  remain 
constant  was  employed  in  evaluating  the  chemicals  of  concern  for  the  soil,  surface  water,  and  sediment. 
This  is  likely  to  result  in  an  overestimate  of  exposure  for  chemicals  which  biodegrade  over  time. 

Chemical  concentrations  in  environmental  media  which  were  not  sampled  at  the  LEAD  (i.e.,  volatilization 
from  groundwater)  were  predicted  using  models.  The  models  have  been  developed  to  provide 
conservative  estimates  of  chemical  concentrations  in  the  environmental  media.  Therefore,  a  great  deal 
of  uncertainty  is  added  to  the  exposure,  hazard,  and/or  risk  estimates  by  the  use  of  models  which  may 
or  may  not  provide  accurate  representations  of  the  concentrations  of  the  chemicals  of  concern  in  the 
environmental  media. 
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6.6.3  Exposure  Parameter  Elstiiiiatioii 


The  exposure  point  concentrations  for  the  chemicals  of  concern  were  assumed  to  be  representative  of  the 
exposure  levels  for  the  entire  exposure  area  in  which  a  potential  receptor  might  be  exposed.  The  actual 
range  of  concentrations  in  the  SWMUs  and  Areas  of  Concern  might  be  higher  or  lower  in  reality.  The 
sampling  approach  for  the  LEAD  RFI  sought  to  identify,  sample,  and  analyze  areas  where  the  highest 
concentrations  of  chemicals  were  suspected  to  be  located.  Such  an  approach  will  likely  skew  the  average 
daily  intake  toward  the  higher  end  of  the  distribution  of  potential  exposure  levels. 

The  frequency  of  detection  of  chemicals  in  the  environmental  media  sampled  for  the  LEAD  SWMUs  and 
Areas  of  Concern  was  not  used  to  eliminate  chemicals  from  further  study  in  the  risk  assessment  unless 
the  chemicals  were  naturally  occurring  analytes  of  low  toxic  potential.  In  many  cases  chemicals  of 
concern  were  characterized  by  a  low  frequency  of  detection  and  provided  the  primary  contribution  to  the 
overall  risk  or  hazard.  The  potential  for  exposure  across  the  entire  exposure  area  would  also  be  expected 
to  be  decreased  for  infrequently  detected  chemicals. 

No  site-specific  data  were  available  on  activity  patterns  on-site  and  off-site,  so  assumed  values  for 
duration,  frequency  and  degree  of  contact  with  environmental  media  are  quite  uncertain.  The  values 
selected  are  believed  to  be  conservative  (i.e.,  leading  to  an  overestimation  of  dose). 

Dermal  uptake  of  chemicals  from  groundwater  is  especially  difficult  to  estimate  because  this  depends  on 
the  solubility  characteristics  of  the  chemical  and  the  circumstances  of  exposure.  The  absorption  values 
employed  to  estimate  dermal  uptake  are  highly  uncertain,  but  are  almost  certainly  conservative  (i.e., 
leading  to  an  overestimate  of  dose). 

While  infrequency  of  detection  was  not  use  as  the  single  criterion  for  not  evaluating  an  analyte  of 
concern,  it  does  have  a  significant  bearing  on  exposure  potential.  If  an  infrequently  detected  chemical 
truly  occurs  infrequently  and  only  in  a  localized  area,  then  the  hazard  and  risk  may  be  overestimated 
because  the  frequency  of  receptor  contact  with  the  chemical  will  be  similarly  limited.  The  actual  average 
daily  intake  may  be  much  lower  if  the  receptor  is  only  exposed  to  high  chemical  concentrations  for  a  very 
short  period  of  time  and  lower  concentrations  for  the  majority  of  the  exposure  period.  On  the  other  hand, 
exposures,  hazards,  and  risks  could  be  underestimated  if  higher  chemical  concentrations  exist  in 
environmental  media  and  the  exposure  to  the  site  areas  having  the  higher  chemical  levels  is  greater  than 
the  exposure  period  assumed  in  the  exposure  assessment. 
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Use  of  the  95  percent  UCL  or  maximum  chemical  concentration  for  an  environmental  medium  may  result 
in  an  over-  or  underestimate  of  exposure,  hazard,  and  risk  if  the  true  chemical  concentrations  for  the 
medium  are  not  accurately  represented  by  the  samples  collected  from  the  SWMU  or  Area  of  Concern. 
As  noted  in  Section  6.6.1,  screening  methods  were  en^loyed  to  select  sampling  locations  where  the 
highest  levels  of  chemicals  might  occur. 

6.6.4  Toxicological  Data 

The  tasks  of  identifying  and  quantifying  human  health  risks  from  chemicals  in  environmental  media  are 
often  subject  to  a  number  of  uncertainties  related  to  toxicological  information.  The  most  important  of 
these  relating  to  the  LB  AD  are  summarized  as  follows: 

•  The  toxicity  factors  which  have  been  developed  by  U.S.  EPA  for  some  of  the 
chemicals  of  potential  concern  may  be  overly  conservative.  Arsenic  toxicity 
factors  have  been  qualified  by  U.S.  EPA  as  potentially  overestimating  potential 
risks  by  one  or  two  orders  of  magnitude  (U.S.  EPA,  1988). 

•  Extrapolation  of  effects  observed  in  animals  to  effects  in  humans  is  uncertain, 
because  of  potential  physiological  and  metabolic  differences.  To  account  for  this, 
an  uncertainty  factor  of  ten  is  usually  used  to  make  this  extrapolation  when 
deriving  toxicity  factors.  In  many  cases,  this  will  result  in  a  conservative 
estimate  of  the  risk  to  humans. 

•  There  is  considerable  debate  and  uncertainty  regarding  the  best  way  to  estimate 
the  SF  for  carcinogenic  chemicals.  To  be  conservative,  the  U.S.  EPA  calculates 
the  upper  95%  confidence  limit  of  the  slope  at  low  dose,  and  this  is  employed 
as  the  SF.  That  is,  actual  slope  factors  could  be  lower,  but  are  unlikely  to  be 
higher. 

•  When  humans  are  exposed  to  more  than  one  chemical  in  a  medium,  it  is 
normally  assumed  that  the  adverse  effects  of  the  different  chemicals  are  additive 
(U.S.  EPA,  1989a).  However,  in  some  cases  it  is  possible  that  synergistic  or 
antagonistic  interactions  may  occur.  Although  there  are  not  data  to  suggest  that 
synergistic  or  antagonistic  interactions  occur  between  the  chemicals  of  potential 
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concern  at  this  site,  this  is  nevertheless  a  source  of  uncertainty  in  the  risk 
assessment. 

•  As  noted  in  Section  6.6. 1 ,  the  lack  of  appropriate  toxicity  values  for  many  of  the 
TICs  provides  an  additional  contribution  to  the  overall  uncertainty  of  the  hazard 
and  risk  estimation  process.  Hazards  and  risks  are  likely  under-estimated,  but 
the  magnitude  of  the  underestimation  may  or  may  not  be  significant  (i.e., 
depending  on  the  relative  toxic  potential  of  the  TICs  compared  to  the  identified 
chemicals  of  concern). 

These  uncertainties  need  to  be  considered  when  evaluating  the  results  of  this  risk  assessment  and  when 
making  risk  management  decisions  for  the  LBAD. 

6.7  SUMMARY  AND  CONCLUSIONS 

The  baseline  risk  assessment  centered  upon  the  determination  of  the  groundwater  exposure  concentrations, 
exposure  pathways,  exposure  estimates,  and  relative  noncancer  hazard  and  carcinogenic  risk  of  metals, 
semivolatile  organic  compounds  and  volatile  organic  compounds.  These  chemicals  were  selected  as 
chemicals  of  potential  concern  at  the  LBAD  based  primarily  on  their  concentration  relative  to  background. 
The  chemicals  were  evaluated  quantitatively  in  the  Risk  Assessment  for  the  entire  base  (divided  into  two 
hydrogeologically  separate  sections.  In  order  to  derive  risk/hazard  totals  across  all  media,  these 
groundwater  results  were  subsequently  compiled  with  the  results  from  the  other  media.  The  following 
is  a  summary  of  these  results. 

6.7.1  Summary  of  Groundwater 

The  results  provided  in  Table  6-11  provide  the  associated  risk/hazard  results  for  both  the  northern  and 
southern  portions  of  LBAD.  These  results  are  based  on  the  conservative  approach  of  evaluating 
groundwater  concentrations  throughout  the  two  large  portions  of  the  base  (northern  or  southern).  This 
approach  utilizes  the  95%  UCL  or  maximum  throughout  the  area  and  assumes  that  all  groundwater 
exposure  is  at  that  concentration. 

Metals  in  groundwater  in  the  northern  portion  of  LBAD  contributed  to  carcinogenic  risk  levels  on  the 
order  of  7E-5,  3E-4,  and  2E-4  for  the  future  h3q)othetical  residential  short-term  adult,  long-term  adult. 


USAEC  LBAD\GW-RFI\SECT.«.WP5 


6-39 


and  child  exposures,  respectively.  The  short-term  and  long-term  future  occupational  exposures  resulted 
in  risks  of  3E-5  and  9E-5,  respectively.  With  respect  to  noncarcinogenic  effects,  short-term  adult,  long¬ 
term  adult,  and  child  hazard  levels  of  16.6,  63.1,  and  35.9,  respectively,  were  also  a  result  of  exposure 
to  metals  in  groundwater.  Likewise,  hazard  levels  of  5.74  and  19.0  were  associated  with  short-term  and 
long-term  occupational  exposure  to  metals  in  groundwater. 

Carcinogenic  risk  levels  in  the  southern  portion  of  LEAD  were  associated  with  exposure  to  vinyl  chloride 
and  metals  in-groundwater.  The  future  hypothetical  residential  short-term  adult,  long-term  adult  and  child 
risk  values  were  lE-4,  6E-4,  and  3E-4,  respectively.  The  short-term  and  long-term  future  occupational 
risk  values  were  5E-5  and  2E-4,  respectively.  The  noncarcinogenic  hazard  values  were  56.1,  86.0,  and 
121  for  the  future  hypothetical  residential  short-term  adult,  long-term  adult,  and  child,  respectively, 
similarly,  the  short-term  and  long-term  occupational  exposures  were  associated  with  hazard  levels  of  19.3 
and  29.8,  respectively.  The  noncarcinogenic  values  were  primarily  a  result  of  exposure  to  metals  in 
groundwater. 

Although  groundwater  within  the  two  distinct  portions  of  LEAD  was  evaluated  to  derive  one  exposure 
concentration  for  each  area,  it  is  important  to  also  consider  the  factors  that  suggest  contamination  is  more 
isolated.  The  data  below  describes  more  thoroughly  the  data  variability  within  each  of  the  two  areas. 


NORTHERN  PORTION 

Chemicals  of  Concern 
Associated  with  Excess 
Risk/Hazard 

Frequency 

of 

Detection 

Range 

95%  UCL 

Exposure 

Concentration 

Minimum 

Mg/I 

Maximum 

Mg/l 

Arsenic 

3/6 

ND 

8.78 

19.3 

8.78 

Lead 

5/7 

ND 

62.7 

352 

62.7 

Manganese 

7/7 

34.5 

1700 

30,560 

1700 

Sodium 

7/7 

55,000 

9.8E-I-6  ■ 

2.4E-I-8 

9.8E+6 

Thallium 

1/7 

ND 

189 

119 

119 
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SOUTHERN  PORTION 

Chemicals  of  Concern 
Associated  with  Excess 
Risk/Hazard 

Frequency 

of 

Detection 

Range 

95%  UCL 

Exposure 

Concentration 

Minimum 

/*g/i 

Maximum 

Mg/1 

Vinyl  Chloride 

2/44 

ND 

150 

8.70 

8.70 

Aluminum 

37/40 

ND 

350,000 

124,704 

124,704 

Antimony 

3/41 

ND 

217 

38.5 

38.5 

Arsenic 

5/37 

ND 

25 

2.88 

2.88 

Beryllium 

10/41 

ND 

110 

5.77 

5.77 

Lead 

18/40 

ND 

470 

41.9 

41.9 

Manganese 

39/40 

ND 

65,000 

8461 

8461 

Thallium 

3/41 

ND 

437 

79.1 

79.1 

These  data  tables,  taken  from  Appendix  K,  indicate  that  a  number  of  chemicals  contributing  to  excess  risk 
and/or  hazard  actually  were  detected  infrequently,  in  very  few  wells.  In  addition,  the  lack  of  sufficient 
groundwater  for  sampling  in  the  northern  portion  of  LEAD  presents  more  uncertainty  when  calculating 
the  exposure  concentration.  Consequently,  the  lack  of  statistical  confidence  in  the  northern  portion  data 
resulted  in  95  %  UCL  concentrations  that  were  usually  much  higher  than  the  maximums.  This  statistical 
short-fall  can  result  in  an  over-estimation  of  risks  and/or  hazards  by  defaulting  to  the  maximum  detected 
concentrations  being  used  as  exposure  concentrations.  In  conclusion,  the  fact  that  many  of  the  chemicals 
listed  above  were  rarely  detected  suggests  that  actual  risks/hazards  may  be  lower  than  those  actually 
calculated  due  to  infrequent  exposure. 

As  detailed  in  Sections  6.6,  the  total  hazard  and  risk  estimates  may  be  over-  or  underestimated  due  to  a 
number  of  uncertainties  or  confounding  factors  which  are  inherent  in  the  risk  assessment  process.  The 
factors  include:  the  conservatism  of  the  toxicity  factors  utilized  for  the  chemicals  of  concern;  the  use  of 
models  to  estimate  chemical  concentrations  in  environmental  media  which  were  not  sampled  and  analyzed 
during  the  RFI;  the  conservatism  of  the  methodology  used  to  evaluate  dermal  uptake  and  toxicity,  the 
nutrient  status  of  the  chemicals  of  concern  associated  with  unacceptable  hazards  and/or  risks;  and  the 
conservatism  of  assuming  additivity  of  effect  or  toxic  potential  for  noncarcinogenic  chemicals.  In  many 
cases  the  chemicals  which  provided  the  primary  contribution  to  the  overall  hazard  or  risk  were  detected 
infirequently  in  the  environmental  media.  However,  in  order  to  provide  a  conservative  estimate  of 
potential  exposure,  such  chemicals  were  analyzed  in  the  quantitative  risk  assessment  as  if  the  detected 


USAEC  LBAD\GW-RFI\SECT.6.WP5 


6-41 


concentration  was  indicative  of  the  entire  exposure  area  for  the  SWMU  or  Area  of  Concern.  In  addition, 
exposure  levels  were  estimated  using  conservative  assunq)tions  regarding  the  potential  receptor  groups 
and  exposure  parameter  values  in  order  to  determine  whether  site  conditions  could  be  associated  with 
unacceptable  hazards  and  risks.  All  of  these  factors  should  be  considered  when  making  risk  management 
and  potential  remedial  decisions  for  the  LBAD  groundwater. 

6.7.2  Summary  of  All  Media 

Subsequently,  to  the  derivation  of  the  groundwater  risk/hazard,  the  groundwater  results  were  added  to 
the  corresponding  36  SWMUs  that  were  evaluated  in  the  April  1994  RH.  These  results  are  compiled 
and  presented  in  Appendix  R.  As  described  in  Table  7.3  of  the  LBAD  RH,  only  36  SWMUs  and  Areas 
of  Concern  were  analyzed  quantitatively  because  in  24  of  the  50  LBAD  SWMUs  and  Areas  of  Concern, 
the  following  factors  were  present: 

•  Environmental  media  were  not  sampled  which  could  be  evaluated  quantitatively  (wipe 
samples  and  concrete  chip  samples  could  not  be  evaluated  quantitatively). 

•  No  chemicals  of  potential  concern  were  found  above  detection  limits  and/or  background 
concentrations  in  the  environmental  media  sampled; 

•  No  complete  exposure  pathways  were  identifiable  for  the  media  of  concern  and  the 
applicable  existing  or  future  receptors. 

Exposures  to  the  chemicals  of  potential  concern  in  groundwater  were  investigated  for  human  receptor 
populations  identifiable  for  the  LBAD  under  a  future  use  scenario  because  there  is  no  existing  route  of 
exposure  to  groundwater.  Two  receptor  groups  were  identified  for  the  evaluation  of  hypothetical  future 
land  use  scenarios:  a  future  worker,  and  future  adult  and  child  residents.  Applicable  future  exposure 
scenarios  for  the  receptor’s  were  identified  based  on  current  land  use  designations  for  the  LBAD  areas. 
The  land  use  designations  for  the  LBAD  are  general  rural  and  industrial.  It  is  expected  that  these  land 
use  designations  will  continue  into  the  future.  Potential  future  scenario  exposures  for  each  of  these 
receptors  were  quantified  in  the  exposure  assessment  to  present  a  range  of  exposures.  However,  it  is  not 
expected  that  all  areas  of  the  site  will  be  utilized  for  residential  purposes  in  the  future.  Conservative 
assumptions  were  employed  in  the  characterization  of  potential  exposure  such  that  the  resulting  exposure 
estimates  would  err  on  the  side  of  over-,  rather  than  under-estunation  of  exposure,  hazard,  and/or  risk. 
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The  exposure  assessment  estimates  were  in  turn,  evaluated  with  respect  to  U.S.  EPA-^proved  toxicity 
factors  for  the  chemicals  of  potential  concern  to  arrive  at  the  risk  characterization  results.  The  resulting 
total  noncancer  hazard  indices  and  carcinogenic  risk  estimates  were  conq)ared  to  applicable  criteria  for 
acceptable  U.S.  EPA  hazard  (unity)  and  risk  levels  (l.OE-04  to  l.OE-06  being  the  range  for  potentially 
requiring  site  remediation).  Since  both  the  northern  and  southern  portions  of  LEAD  exceed  acceptable 
risk  and  hazard  levels,  each  well  will  be  evaluated  in  the  Corrective  Measures  Study  (CMS)  to  determine 
potential  remediation  strategies.  The  compilation  of  these  groundwater  results  are  combined  with  the 
previous  analysis  of  the  other  media  in  Appendix  R  in  order  to  derive  Tisk  and  hazard  totals  across  all 
media. 

The  fact  that  the  hazard  index  exceeds  a  value  of  1 .0  does  not  guarantee  that  an  adverse  noncancer  effect 
in  association  with  exposure  to  the  chemicals  of  concern  will  occur  in  a  human.  Similarly,  the  evaluation 
of  the  noncancer  hazards  of  the  chemicals  of  potential  concern  involved  a  summation  of  all  of  the  hazard 
quotients  for  all  of  the  chemicals  of  potential  concern.  Such  an  approach  may  be  overly  conservative  in 
that  an  additive  relationship  is  assumed  for  the  toxic  potential  of  the  chemicals  and  exposure  pathways. 
However,  the  mechanism  for  toxicity  for  exposure  to  a  group  of  chemicals  of  concern,  across  exposure 
pathways,  may  not  be  additive.  Furthermore,  the  chemicals  and  pathways  may  have  different  target 
organs  for  toxic  effects. 

In  the  previous  RFI,  the  U.S.  EPA’s  lead  biokinetic/uptake  model  was  utilized  to  evaluate  SWMUs/Areas 
of  Concern  where  lead  was  detected  in  soil  above  background  concentrations.  Appendix  R  presents  blood 
lead  levels  associated  with  soil  lead  levels,  groundwater  lead  levels,  and  associated  modelled  air 
concentrations  for  the  17  SWMUs  which  have  lead  in  soils  above  background  concentrations.  U.S.  EPA 
recommends  the  use  of  500  to  1000  ppm  lead  in  soil  as  the  preliminary  remediation  goal  to  be  used  in 
scoping  remedial  investigations  and  feasibility  studies  for  Superfund  Soil  lead  cleanups;  and  as  the  soil 
lead  action  level  for  RCRA  corrective  action  (U.S.  EPA  1988c).  The  500  ppm  value  was  derived  to  be 
protective  of  health  of  children  (aged  6  months  to  7  years).  U.S.  EPA  recommends  that  where  the  UBK 
model  identifies  a  greater  than  5  %  probability  that  a  child’s  blood  levels  may  exceed  10  /ig/dl  (or  that 
greater  than  5  %  of  potentially  exposed  children  may  experience  blood  lead  levels  greater  than  10  ugldX), 
remedial  action  is  generally  recommended  (U.S.  EPA  1988c). 

Exceedances  of  the  blood  lead  level  criterion  of  10  ^g/dl  (and  also  5%  probability  that  a  child’s  blood 
level  will  exceed  10  ng/di)  occurred  in  four  SWMUs  and  Areas  of  Concern,  namely  Building  63,  SWMU 
10,  SWMU  12,  and  TPSA.  For  Building  63,  a  soil  lead  concentration  of  1300  mg/kg  resulted  in  a 
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maximum  predicted  blood  lead  concentration  of  approximately  32  ^g/dl.  For  SWMU  10,  the  soil  lead 
concentration  of  1800  mg/kg  resulted  in  a  maximum  predicted  blood  lead  level  of  ^proximately  40 
/xg/dl.  For  SWMU  12,  1430  mg/kg  in  soil  resulted  in  a  maximum  predicted  blood  lead  level  of 
approximately  32  /ig/dl.  For  the  Telephone  Pole  Storage  Area,  the  soil  lead  concentration  of  1300  mg/kg 
resulted  in  the  maximum  predicted  blood  lead  level  of  about  32  /ig/dl. 

A  summary  listing  of  the  scenarios  in  the  two  groundwater  areas  and  the  associated  comparison  to 
acceptable  hazards  (i.e.  ,  1.0)  and  risks  (lE-04  to  lE-06)  is  provided  in  Table  6-44. 
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TABLE  6-1 

SWMUs/AREAS  OF  CONCERN  WITH  ASSOCIATED  GROUNDWATER  AREA 
LEXINGTON -BLUEGRASS  ARMY  DEPOT 


SWMU  4  (OLD  LANDFILL) 

SOUTHERN  PORTION 

SWMU  2,5,6,  AND  7  (INDUSTRIAL  AND  SANITARY  WASTE  DISPOSAL  LAND) 

SOUTHERN  PORTION 

SWMU1  (NEW  LANDFILL) 

NORTHERN  PORTION 

AREA  A  (SEPTIC  TANK) 

SOUTHERN  PORTION 

AREA  B  (DRAINAGE  PATH  NEAR  WATER  TOWER) 

SOUTHERN  PORTION 

AREAC 

NORTHERN  PORTION 

SWMU  3  (INDUSTRIAL  WASTE  LAGOONS) 

SOUTHERN  PORTION 

SWMU  24  (SCRAP  WOOD  PILE/FIRE  TRAINING  AREA) 

SOUTHERN  PORTION 

BUILDING  135 

SOUTHERN  PORTION 

BUILDING  147 

SOUTHERN  PORTION 

BUILDINGS 

SOUTHERN  PORTION 

BUILDING  10 

SOUTHERN  PORTION 

BUILDING  19 

SOUTHERN  PORTION 

BUILDING  64 

SOUTHERN  PORTION 

BUILDING  63 

SOUTHERN  PORTION 

BUILDING  130 

SOUTHERN  PORTION 

BUILDING  140  AND  141 

SOUTHERN  PORTION 

SWMU  23  (BUILDING  4,5,135,139) 

SOUTHERN  PORTION 

SWMU  18  AND  19  (SUMP  BEHIND  BUILDING  139) 

SOUTHERN  PORTION 

SWMU  16,17,  AND  30  (WASTEWATER  TREATMENT) 

SOUTHERN  PORTION 

SWMU  9  (BUILDING  27) 

SOUTHERN  PORTION 

BUILDING  42 

SOUTHERN  PORTION 

SWMU  20  (BUILDING  9  AND  46) 

SOUTHERN  PORTION 

SWMU  25  (PCB  STORAGE  AREAS/BUILDING  8) 

SOUTHERN  PORTION 

SWMU  11  (BUILDING  40) 

SOUTHERN  PORTION 

COAL  PILE  RUNOFF/HEATING  PLANT  AREA 

SOUTHERN  PORTION 

SWMU  10  (INDUSTRIAL  WASTEWATER  TREATMENT 

AND  SAND  DRYING  BEDS/BUILDING  124 

SOUTHERN  PORTION 

BUILDING  303 

NORTHERN  PORTION 

OPEN  STORAGE  AND  SHELTER  AREAS 

SOUTHERN  PORTION 

SWMU  12(DRMO  SPILL) 

SOUTHERN  PORTION 

TRANSFORMER  SPILL  NEAR  BUILDING  224 

SOUTHERN  PORTION 

FACILITY-WIDE  ACTIONS  (STREAMS) 

SOUTHERN  PORTION 

SWMU  22  (VEHICLE  WASHRACK  1) 

SOUTHERN  PORTION 

AREA  OF  CONCERN  2  (CALCIUM  HYDRATE  STORAGE  AREA) 

NORTHERN  PORTION 

GOLF  COURSE 

NORTHERN  PORTION 

TELEPHONE  POLE  STORAGE  AREA 

SOUTHERN  PORTION 

TABLE  6-2 

DATA  EVALUATED  IN  THE  BASELINE  RISK  ASSESSMENT 
LEXINGTON-BLUEGRASS  ARMY  DEPOT 


Qualifiers 

Qualifier  Definition 

Use  in  Baseline  Risk  Assessment  1 

B 

Analyte  found  in  blank  as  well  as  sample 

Data  will  be  utilized  in  the  risk  assessment 
with  possible  gualification 

C 

Analysis  was  confirmed 

Data  will  be  utilized  in  the  risk  assessment 

D 

Duplicate  sample  or  test  name. 

Data  will  be  utilized  in  the  risk  assessment 

E 

Element  run  with  background  correction. 

Data  will  be  utilized  in  the  risk  assessment 

F 

Sample  filtered  before  analysis. 

Data  will  be  utilized  in  the  risk  assessment 

G 

Reported  results  affected  by  interferences 
or  high  background. 

Data  will  be  utilized  in  the  risk  assessment 

H 

Out  of  control  but  data  accepted  due  to 
high  recoveries. 

Data  will  be  utilized  in  the  risk  assessment 

1 

Out  of  control,  data  rejected  due  to 
low  recoveries. 

Data  will  be  utilized  if  not  rejected  during 
validation  in  the  risk  assessment 

J 

Missed  holding  time;  acceptable  based 
on  holding  time  study. 

Data  will  be  utilized  in  the  risk  assessment 

K 

Missed  holding  times  for  extraction 
and  preparation. 

Data  will  be  utilized  in  the  risk  assessment 

L 

Missed  holding  time  for  analysis. 

Data  will  be  utilized  in  the  risk  assessment 

M 

Duplicate  (high)  spike  analysis  not 
within  control  limits. 

Data  will  be  utilized  In  the  risk  assessment 

N 

Low  spike  recovery  Is  not  within 
control  limits. 

Data  will  be  utilized  in  the  risk  assessment 

P 

Results  less  than  CRL  but  greater  than 

COD. 

Data  will  be  utilized  in  the  risk  assessment 

Q 

Surrogate  recovery  markedly  different 
from  historical  data. 

Data  will  be  utilized  in  the  risk  assessment 

R 

Analyte  required  for  reporting  purposes 
but  not  currently  certified. 

Data  will  be  utilized  in  the  risk  assessment 

S 

Results  based  on  internal  standard. 

Data  will  be  utilized  in  the  risk  assessment 

T 

Analyzed  for  but  not  detected. 

Data  will  be  utilized  in  the  risk  assessment 
as  if  the  data  had  been  reported  as  a  less 
than  value 

U 

Analysis  is  unconfirmed. 

Unsuitable  for  use  in  risk  assessment 
calculations 

V 

Sample  subjected  to  unusual 
storage  conditions. 

Data  will  be  utilized  in  the  risk  assessment 

w 

Single  analyte  required  from  a 
multi-analyte  method. 

Data  will  be  utilized  in  the  risk  assessment 

1 

X 

Analyte  recovery  outside  of  certified 
range  but  within  acceptable  limits 

Data  will  be  utilized  in  the  risk  assessment 

Note;  Samples  for  VOCs  and  SVOCs  in  which  holding  times  were  grosly  exceededby  the  laboratory  were  recollected 
and  reanalyzed.  All  other  confirmed  data  were  considered  usable  for  the  project. 


TABLE  6-3  MAXIMUM  CONCENTRATIONS  DETECTED  IN  THE  NORTHERN  AND  SOUTHERN  PORTIONS  OF  LBAD 


MAXIMUM  CONCENTRATION 

MAXIMUM  CONCENTRATION 

NORTHERN  PORTION 

SOUTHERN  PORTION 

ANALYTE 

uq/L 

ug/L 

Acetone 

100 

240 

Benzene 

2.8 

33 

Chloromethane 

4.4 

ND 

Bis  (2  -  eth  vl  hexvD  phthalate 

ND 

13 

Carbon  tetrachloride 

ND 

1.1 

1 ,1  -Dichloroethane 

ND 

22 

1 ,2-Dichloroethenes 

ND 

34 

2,4-Dimethvlphenol 

ND 

20.5 

1 ,3-Dimethvlbenzene 

1.3 

16 

alpha- Endosulfan 

ND 

0.5 

Ethylbenzene 

ND 

7.7 

Methyl  isobutyl  ketone 

ND 

Phenol 

ND 

17 

Tetrachloroethene 

ND 

1.1 

Toluene 

3.7 

69 

Trichloroethene 

ND 

6.6 

Vinyl  chloride 

ND 

150 

Xylenes 

ND 

110 

alpha-BHC 

ND 

0.003 

delta-BHC 

ND 

0.015 

DDT 

ND 

0.017 

Lindane 

ND 

0.006 

Aluminum 

24300 

350000 

Antimony 

ND 

217 

Arsenic  I 

8.78 

25 

Barium 

570 

1870 

Beryllium 

3.1 

110 

Boron 

535 

2420 

Cadmium 

ND 

417 

Calcium 

1700000 

17000000 

Chromium 

47.1 

448 

Cobalt 

ND 

211 

Copper 

36.2 

257 

Iron 

53400 

342000 

Lead 

62.7 

470 

Magnesium 

920000 

980000 

Manganese 

1700 

65000 

Mercury 

0.105 

1.54 

Molybdenum 

ND 

58.8 

Nickel 

49.7 

499 

Potassium 

154000 

125000 

Sodium 

9800000 

5600000 

Tellurium 

ND 

211 

Thallium 

189 

437 

Tin 

ND 

102 

Vanadium 

42.2 

523 

Zinc 

111 

1900 

ND  -  Not  Detected 


TABLE  6-4  BACKGROUND  COMPARISON  OF  INORGANIC  COMPOUNDS  IN  GROUNDWATER  AT  LBAD 
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TABLE  6  5  EXPOSURE  CONCENTRATIONS  ASSOCIATED  WITH  CHEMICALS  OF  CONCERN  IN  GROUNDWATER 


EXPOSURE  CONCENTRATION 

EXPOSURE  CONCENTRATION 

ANALYTE 

NORTHERN  PORTION 

SOUTHERN  PORTION 

ug/L 

uq/L 

Acetone 

100.00 

30.90 

Benzene 

2.19 

1.27 

Chloromethane 

2.69 

ND 

Bis(2-ethvlhexvl)  ohthalate 

ND 

4.22 

Carbon  tetrachloride 

ND 

0.53 

1,1-Dichloroethane 

ND 

0,94 

1 ,2--Dichloroethenes 

ND 

3.20 

2,4-Dimethvlphenol 

ND 

3.41 

1 ,3-Dimethvlbenzene 

1 .30 

2.55 

alpha-Endosulfan 

ND 

0.0034 

Ethylbenzene 

ND 

1.40 

Methyl  isobutyl  ketone 

ND 

0.83 

Phenol 

ND 

1.56 

Tetrachloroethene 

ND 

0.53 

Toluene 

3.70 

5.68 

Trichloroethene 

ND 

0.72 

Vinyl  chloride 

ND 

8.70 

Xylenes 

ND 

5.80 

aipha-BHC 

ND 

0.0030 

delta-BHC 

ND 

0.0019 

DDT 

ND 

0.0077 

Lindane 

ND 

0.0018 

Aluminum 

^  24300.00 

124704.12 

Antimony 

ND 

38.53 

Arsenic 

8.78 

2.88 

Barium 

570.00 

398.42 

Beryllium 

3.09 

5.77 

Boron 

535.00 

908.77 

Cadmium 

ND 

10.20 

Calcium 

1700000.00 

1024896.79 

Chromium 

47.10 

68.41 

Cobalt 

ND 

25.58 

Copper 

ND 

37.89 

Iron 

53400.00 

176723.49 

Lead 

62.70 

41.85 

Magnesium 

920000.00 

137653.87 

Manganese 

1700.00 

8461 .44 

Mercury 

0.074 

0.12 

Molybdenum 

ND 

29.98 

Nickel 

48.71 

54.66 

Potassium 

154000.00 

21553.77 

Sodium 

9800000.00 

823094.61 

Tellurium 

ND 

73.82 

Thallium 

118.64 

79.09 

Tin 

ND 

48.49 

Vanadium 

35.89 

53.36 

Zinc 

ND 

437.30 

ND  -  Not  detected  above  detection  limits 


Table  6-6  Summary  of  Crit 

ical  Health  Effects  for  Chemicals  of  Potential  Concern  at  LBAD  - 

ANALYTE 

NONCARCINOGENIC  EFFECTS 

I  CARCINOGENIC  EFFECTS 

ORAL 

INHALATION 

ORAL 

INHALATION 

SEMIVOLATILES 

Bis(2-ethylhexyl)phthalate 

incr.  relative 
liver  weight 

NA 

liver 

(group  B2) 

NA 

forouD  B2^ 

2,4-Dimethylphenol 

nervous  system  effects 
blood  alterations 

NA 

NA 

J _ _ 

NA 

Phenol 

fetotoxidty 

NA 

NA 

NA 

VOLATILES 

Acetone 

liver,  kidney  increase 
weight;  nephrotoxicity 

NA 

NA 

(group  D) 

NA 

(group  D) 

Benzene 

Carbon  tetrachloride 

liver  lesions 

liver  lesions 

liver  tumors 
(group  B2) 

liver  tumors 
(group  B2) 

1 ,1  “Dichioroethane 

NA 

kidney  damage 

NA 

NA 

1 ,2-Dichloroethenes 

liver  lesions 

NA 

NA 

NA 

Bromomethane 

forestomach  epithelium 
hyperplasia 

NA 

NA 

NA 

Chloromethane 

NA 

NA 

NA 

NA 

Ethylbenzene 

increased  liver,  kidney  weight 
liver,  kidney  lesions 

increased  liver,  kidney  weight 
liver,  kidney  lesions 

NA 

NA 

NA 

NA 

Methyl  isobuty!  ketone 

liver,  kidney  effects 

increased  liver  weight, 
kidney  effects 

NA 

NA 

NA 

NA 

T  etrachloroethene 

hepatoxidty 

NA 

NA 

(group  C-B2) 

NA 

(group  C-B2) 

Toluene 

change  in  liver, 
kidney  weights 

CNS  effects,  eyes 
&  nose  irritation 

NA 

NA 

Trichtoroethene 

NA 

NA 

liver 

(group  B2) 

lung 

(group  B2) 

Vinyl  chloride 

NA 

NA 

lung,  liver 
(group  A) 

liver 

(group  A) 

Xylenes 

CNS  hyperactivity, 
decreased  body  weight 

NA 

NA 

NA 

PESTICIDES 

alpha  BHC 

NA 

NA 

liver 

(group  B2) 

liver 

(group  B2) 

delta  BHC 

NA 

NA 

NA 

NA 

4,4’- DDT 

liver  lesions 

NA 

liver 

(group  B2) 

liver 

(group  B2) 

Endosulfan 

kidney  toxicity, 
kidney  lesions 

NA 

NA 

NA 

Lindane 

liver,  kidney 
toxicity 

NA 

liver  tumors 
(group  B2  -  C) 

NA 

INORGANICS 

Aluminum 

NA 

NA 

NA 

NA 

Antimony 

reduced  lifespan 
altered  blood  chem. 

respiratory 

effects 

NA 

NA 

Arsenic 

keratosis 

hyperpigmentation 

NA 

skin 

(group  A) 

respiratory  tract 
(group  A) 

Barium 

incr.  blood 

pressure 

fetoxicity 

inconclusive 

(group  D) 

inconclusive 
(group  D) 

1 

Beryllium 

NOAEL 

NOAEL 

total  tumors 
(group  B2) 

lung  tumors 
(group  B2) 

1 

Boron 

testes  lesions 

bronchitis 

NA 

- _ 

NA 

1 

Cadmium 

renal  toxicity 

cancer 

NA 

respiratory  tumors 
(group  B2) 

( 

Calcium 

NA 

NA 

NA  i 

NA 

< 

Chloride 

( 

Chromium 

hepatotoxicity 

nasal  mucosa 

atrophy 

ND 

lung  tumors 
(group  A) 

( 

Cobalt 

NA 

NA 

NA 

NA 

Copper 

local  Gl  irritation 

ND 

NA 

NA 

( 

Cyanide 

] 

-luoride 

1 

ron 

NA 

NA 

NA 

NA 

Table  6“6  Summary  of  Crit 

cal  Health  Effects  for  Chemicals  of  Potential  Concern  at  LBAD  (cont’d) 

ANALYTE 

1  NONCARCINOGENIC  EFFECTS 

CARCINOGENIC  EFFECTS  (2^ 

ORAL 

INHALATION 

ORAL 

INHALATION 

INORGANICS  (cont.) 

Lead 

central  nervous 
toxicity 

central  nervous 
toxicity 

NA 

(group  B2) 

NA 

(qrouD  B2) 

Lithium 

- _ 

Magnesium 

NA 

NA 

NA 

NA 

Manganese 

central  nervous  system 

respiratory  symptoms, 
psycho  motor  disturb. 

NA 

NA 

Mercury 

kidney  effects 

neurotoxicity 

NA 

NA 

Molybdenum 

increased  uric  acid, 
pain,  swelling  in  joints 
decreased  blood  copper  levels 

NA 

NA 

NA 

Nickel 

deer,  body 
weight 

respiratory 

effects 

NA 

respiratory  system 
(group  A) 

Potassium 

NA 

NA 

NA 

NA 

Sodium 

NA 

NA 

NA 

NA 

Tellurium 

NA 

NA 

NA 

NA 

Thallium 

incr.  SGOT  &  serum 

LDH  levels,  alopecia 

NA 

NA 

NA 

Tin 

liver,  kidney 

NA 

NA 

NA 

Vanadium 

NA 

NA 

NA 

NA 

Zinc 

anemia 

anemia 

NA 

NA 

(1)  Source:  Annual  FY- 1992  and  FY-1994  Health  Effects  Assessment  SumrrBry  Tables 

(2)  U.S,  ERA  Weight  of  Evidence  for  Carcinogens: 

Group  A,  Human  Carcinogen 

Group  B,  Probable  Human  Carcinogen 
Group  C,  Possible  Human  Carcinogen 
Group  D,  Not  Classifiable 
Group  E,  Evidence  of  Noncarcinogenicity 

NA= Not  Applicable,  ND=Not  Determined 
NOAEL  -  No  observed  adverse  effect  level 


TABLE  6-7 

TOXICITY  VALUES  FOR  CHEMICALS  OF  CONCERN  IN  GROUNDWATER 
LEXINGTON  BLUEGRASS  ARMY  DEPOT 


TABLE  6-7 

TOXICITY  VALUES  FOR  CHEMICALS  OF  CONCERN  IN  GROUNDWATER 
LEXINGTON  BLUEGRASS  ARMY  DEPOT 
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Table  6-8  Applicable  or  Relevant  and  Appropriate  Requirements 
for  Chemicals  of  Concern  in  Groundwater  at  LBAD 


Chemicals 

Detected  In 

LBAD  Groundwater 

EPA 

Maximum 

Contaminant 

Levels 
(ug/L)  (a) 

Kentucky  Water 

Quality  Criteria 

Water  Supply 

Source  Criteria 
(ug/L)  (b) 

1 ,1  —Dichloroethane 

NA 

NA 

1 ,2-Dichloroethenes 

70 

NA 

1 ,3-Dimethvlbenzene 

NA 

NA 

2.4-  DimethvlDhenol 

NA 

3090 

NA 

NA 

aloha— BHC 

NA 

NA 

alpha—  Endosulfan 

NA 

74 

Benzene 

5.0 

1.2 

Bis(2-ethvlhexvi)phthalate 

6.0 

15000 

Ceirbon  tetrachloride 

5.0 

0.4 

Chloromethane 

NA 

NA 

DDT 

NA 

0.000024 

delta—  BHC 

NA 

NA 

Ethylbenzene 

700 

3100 

Lindeme 

0.2 

0.019 

Methyl  isobutyl  ketone 

NA 

NA 

Phenol 

NA 

3500 

Tetrachloroethene 

5.0 

0.8 

Toluene 

1000 

14300 

Trichloroethene 

5.0 

2.7 

2.0 

2.0 

10000 

NA 

Aluminum 

50-  200** 

NA 

Antimony 

6 

146 

50 

NA 

2000 

1000 

4 

6.8 

1 

NA 

NA 

Cadmium 

5 

10 

Calcium 

NA 

Chromium  (111) 

100  (Total) 

Cobalt 

NA 

NA 

Copper 

1300* 

1000 

Iron 

300** 

NA 

Lead 

15* 

50 

Maanestum 

NA 

NA 

Manaanese 

50** 

50 

Mercury 

2 

0.144 

Molybdenum 

NA 

NA 

Nickel 

100 

610 

Potassium 

NA 

NA 

Sodium 

NA 

NA 

Tellurium 

NA 

NA 

Thallium 

2 

13 

Tin 

NA 

NA 

Vemadium 

NA 

NA 

Zinc 

5000** 

NA 

(a)  Drinking  Water  Regulations  and  Advisories.  Office  of  Water,  U.S.  EPA.  May  1994 

(b)  Kentucky  Division  of  Water,  Administrative  Regulations  401 KAR  Chapter  5 

Kentucky  Natural  Resources  and  Environmental  Protection  Cabinet  Department  for  Envrionmental 

Protection.  August  24, 1994. 

NA  -  Not  Available 
*  -  Action  Level 

•*  -  Indcates  the  value  is  a  secondary  maximum  contaminant  level  (SMCL) 


TABLE  6-9 

3UMMAR  ■  OF  RISK  AND  HAZARD  CALCULATIONS 


=  OR  the  northern  portion  of  lead 

..EXING’’ 

^on-bluegrass  army  depot 

jlFatur©  " 

Short  Terra 

Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

7.26E-05 

1.61E+01 

Dermal 

6.80E-07 

4.92E-01 

Inhalation 

1.85E-07 

2.84E-04 

Total 

~  7.35E-05 

1.66E+01 

Fulure  AduH  Residenlial  ~ 

torts  Term 

Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

3.11E-04 

6.19E+01 

Dermal 

2.91E-06 

1.21E+00 

inhalation 

7.93E-07 

3.05E-02 

Total 

3.15E-04 

6.31E+01 

Ftittirffe  Child  Redkit^niyal 

ShcMt  Terra 

Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

1.59E-04 

3.51E  +  01 

Derma! 

1.12E-06 

8.08E-01 

Inhalation 

8.09E-07 

1.24E-03 

Total 

'  1.61E-04 

3.59E+01 

:  Faltire  Adait  Worker  «  Short  Teim 

Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

2.59E-05 

5.74E+00 

Total 

2.59E-05 

5.74E  +  00 

Fotare  Adoh  Worker  -  tons  Term . •  ' 

Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

9.26E-05 

1.90E  +  01 

Total 

9.26E-05 

1.90E+01 

TABLE  6-10 

SUMMARY  OF  RISK  AND  HAZARD  CALCULATIONS 
FOR  THE  SOUTHERN  PORTION  OF  LEAD 
LEXINGTON-BLUEGRASS  ARMY  DEPOT 


jpglare  -  Short  T«rt» 


Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

1.30E-04 

5.41E  +  01 

Dermal 

2.01E-06,  2.02E+00 

Inhalation 

6.17E-06 

1.38E-03 

Total 

1.38E-04 

5.61E+01 

Fiitofe  Acl«ftBo$Nenll*»l  - 

^(,009 Term 

Matrix 

Route 

Risk 

r‘^ . . . 1 

!  Hazard 

Groundwater 

Ingestion 

5.59E-04 

8.35E+01 

Dermal 

8.61E-06 

2.50E+00 

Inhalation 

2.65E-05 

2.14E-02 

Total 

5.94E-04 

8.60E  +  01 

Short  Term 

Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

2.85E-04 

1.18E+02 

Dermal 

3.30E-06 

3.31E+00: 

Inhalation 

2.70E-05 

6.02E-03i 

Total 

3.15E-04 

1.21E+02 

Fotore  A^dtJilt  Worker  --  Short  Term 

Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

4.66E-05 

1.93E+01 

Total 

4.66E-05 

1.93E+01 

i  Fetaro  iAditli Worker  -  -vij'  f  i ;  T  ■ '  • 


Matrix 

Route 

Risk 

Hazard 

Groundwater 

Ingestion 

1.66E-04i 

2.98E+01 

Total 

1.66E-04 

2.98E+01 

TABLE  6-1 
SUMMARY  OF  RISK  CHARACTE 
LEXINGTON-  BLUEGRAS! 


STUDY  AREA 

1 

j  RESULTS 

1  FROM  RFI 
TABLE  # 

1 

1 

RECEPTOR  ! 

1 

TOTAL  RISK 

MEDIA 

1  ASSOC 

1  EXPOSURE 
i ROUTE 
!  CAUSING 
EXCESS 

>1.0E“06 

'  >1.0E-05 

!  >1.0E-04 

i  W.  EXCESS 

NORTHERN 

9 

FUTRESAD-ST 

YES 

YES  (7E-5) 

NO 

GROUNDWATER 

INGESTION 

PORTION 

FUTRESAD-LT 

YES 

YES 

YES  (3E-4) 

GROUNDWATER 

INGESTION/DERM; 

FUTRESCH 

YES 

YES 

YES  (2E-4) 

GROUNDWATER 

ingestion/derm; 

FUTWORKAD-ST 

YES 

YES  (3E-5) 

NO 

GROUNDWATER 

INGESTION 

FUTWORKAD-LT 

YES 

YES  (9E~5) 

YES 

GROUNDWATER 

INGESTION 

;  SOUTHERN  10  FUTRESAD-ST 

PORTION 

YES 

YES 

YES  (IE- 4) 

GROUNDWATER 

INGEST/OERM/INH 

FUTRESAD-LT 

YES 

YES 

YES  (6E-4) 

GROUNDWATER 

INGEST/DERM/INH 

FUTRES  CH 

YES 

YES 

YES  (3E-4) 

GROUNDWATER 

INGEST/DERM/INH 

FUTWORKAD-ST 

YES 

YES  (5E-5) 

NO 

GROUNDWATER 

INGESnON 

FUTWORKAD-LT 

YES 

YES 

YES  (2E-4) 

GROUNDWATER 

INGESTION 

0 
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ARACTERIZATION  RESULTS 
EGRASS  ARMY  DEPOT 


URE 

S 

CHEMICALS 

ASSOC  wrm 

EXCESS 

TOTAL 

HAZARD 

>  1.0 

MEDIA 

ASSOC 

W.  EXCESS 

EXPOSURE 

ROUTE 

CAUSING 

EXCESS 

CHEMICALS 

ASSOC  WITH 

EXCESS 

N 

arsenic*  beryilium 

YES  (16  6) 

GROUNDWATER 

INGESTION 

lead,  manganese. thallium 

N/DERMAL 

arsenic,  beryllium/beryllium 

YES  (63.1) 

GROUNDWATER 

INGESTION/DERMAL 

lead,  manganese.thalfium 

sodium/thaUium 

N/DERMAL 

arsenic,  beryllium/beryiiium 

YES  (35.9) 

GROUNDWATER 

INGESTION 

arsenic,  lead,  manganese, 

thailum 

N 

arsenic,  beryllium 

YES  (5.74) 

GROUNDWATER 

INGESTION 

manganese,  thallium 

N 

arsenic,  beryllium 

YES  (19.0) 

GROUNDWATER 

INGESTION 

manganese,  thallium 

ERM/INHAL 

vinyl  chloride,  arsenic,  beryllium/ 
beryllium/vinyi  chloride 

YES  (56.1) 

GROUNDWATER 

INGESTION/DERMAL 

antimony,  manganese, 
thai  iium/man  ganese 

cRM/INHAL 

vinyl  chloride,  arsenic,  beryllium/ 
vinyl  chloride,  beryllium/vinyi  chloride 

YES  (86.0) 

GROUNDWATER 

INGESTION/DERMAL 

antimony,  manganese, 
aluminum.thallium/  j 

manganese  ' 

ERM/INHAL 

vinyl  chloride,  arsenic,  berylium/ 
vinyl  chloride.berylfium/vinyl  chloride 

YES  (121) 

GROUNDWATER 

INGESTION/DERMAL 

antimony,  lead,  manganese,  j 
thal  Bum/manganese  j 

vinyl  chloride,  arsenic,  berylium 

YES  (19.3) 

GROUNDWATER 

INGESTION 

antimony,  manganese. 

thallium 

M 

vinyl  chloride,  arsenic,  berylium 

YES  (29.8) 

GROUNDWATER 

INGESTION 

antimony,  manganese. 
atuminum.thaUium  ! 
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Kata  Tnd«  1  AwMAai  S«WM  0  500  1000 

This  category  tndudes  esUblishmcnn  for  th«  frtaA  uk  of  foods.  preoar«d  foods  irtd  dnnks.  V  the  provision  of  certain  personal 
services.  The  intent  of  this  catej onr  ^  to  together  ail  estaOiishments  which  operate  m  a  Start  or  store-Oe  mi/onmenr  These 
include  hardware  stores,  general  merchandise  and  food  stores.  automod»le  dealers  and  psoTme  service  statm.  eatinf  and  dnnK:rf 
places  and  Oranch  banks,  beauty  or  barper  shops,  and  shoe  repair  stores,  etc  Professional  service  advities  may  also  take  place  in  these 
areas. 

Ucht  indussial 

This  land  use  category  includes  those  establishments  for  the  assembly  of  Crushed  or  scmi* finished  materials,  food  preparation, 
publishini^  communication,  construction  matenais,  or  any  establishment  or  repair  services  vhKh  may  present  a  moderate  nuisance  to 
adiacent  properties.  The  activities  included  in  this  catefory  are:  Tifm  manufadurint.  depots  and  terminals,  communications,  water 
supply,  automotive  nepair  shops,  veldinf  repair,  animal  scfVKes  (other  than  vetennarwni,  construction  materials  and  equipment 
yards,  industrial  laundries,  etc. 

Hamry  Murtrial 

This  catefory  metudes  establishments  enfaced  in  manufactunnf  mvclwnf  the  transformitiat  of  a  material  from  its  raw  term  to  a 
finished  or  semi.fimshed  prodi^t.  and  esuoitshmems  with  hi<h  potential  nuisance  fac»rs  lucft  as  noise,  odor,  vibrations,  etc.  These 
activities  include  heavy  manufacturint,  fuel  and  power  production,  waste  disoosal.  meat  padw^fand  siaugntcrtauses.  lumber  mtlllngi^ 
chemical  and  petroleum  storag e  and  bulk  sales,  material  satvafe  yards  and  mtnmf. 

Ctrwral  Kuni 

This  land  use  category  includes  primanly  afnculturaJ  land  uses  to  preserve  and  promote  the  Airal  character  of  the  Rural  Semce  Areo  by 
discouracme  urban  deveK)gmem  except  for  Urie  traa  nesiderTUai  subdivtsjons  and  the  Rural  Acbniy  Centers. 
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7.0  SUMMARY  AND  CONCLUSIONS 


The  objective  of  the  groundwater  RFI  at  the  LEAD  was  to  identify  the  nature  and  extent  of  contamination 
and  potential  human  health  risk  as  it  relates  to  past  and  present  activities  undertaken  at  specific  areas  of 
the  facility.  This  objective  was  accomplished  by  installing  and  sampling  monitoring  wells  across  the  site. 

7.1  NATURE  AND  EXTENT  OF  CONTAMINATION 

This  section  will  present  brief  discussions  on  the  constituents  detected  at  each  area  and  the  extent  of 
contamination.  Contamination  was  determined  when  contaminant  concentrations  exceeded  site-specific 
background  concentrations  or  ARARs  such  as  MCLs.  Groundwater  results  from  the  areas  investigated 
as  part  of  the  base- wide  study  are  presented  below. 

Old  Landfill 


Constituents  present  above  MCLs  and/or  background  at  this  landfill  include  20  inorganics  and  five 
organics.  The  extent  of  contamination  extends  to  the  western  edge  of  the  landfill  to  MW  19  and 
MW19DD.  It  appears  that  no  organic  contamination  is  present  to  the  west  of  these  wells.  Groundwater 
flow  from  this  area  extends  to  the  west  of  the  landfill  into  the  tributary  of  North  Elkhom  Creek. 

New  Landfill 


Constituents  present  above  MCLs  and/or  background  at  this  landfill  include  14  inorganics  and  two 
organics.  The  extent  of  contamination  in  this  area  appears  to  be  isolated  to  the  east  of  the  landfill  at 
MW43I.  There  is  no  organic  contamination  present  at  MW23  and  MW23D,  which  are  located  to  the 
southeast.  Groundwater  direction  in  this  area  flows  to  the  southeast. 

Industrial  and  Sanitary  Waste  Landfill 

Constituents  present  above  MCLs  and/or  background  at  this  landfill  include  17  inorganics  and  nine 
organics.  The  extent  of  contamination  in  this  area  appears  to  extend  to  the  west  of  the  landfill  and  to  the 
southeast  of  the  landfill  toward  MW47.  which  is  located  on  the  property  boundary.  Groundwater  in  the 
area  of  the  Industrial  and  Sanitar>’  Landfill,  flows  radially  to  the  west,  south,  and  southeast. 
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Industrial  Waste  Lagoons 


Constituents  present  above  MCLs  and/or  background  at  this  landfill  include  17  inorganics  and  seven 
organics.  The  extent  of  contamination  in  this  area  appears  to  be  localized  to  the  lagoon  area.  Wells 
located  south  of  the  lagoon  do  not  indicate  that  contamination  has  migrated  to  those  points.  Groundwater 
from  this  area  flows  south  into  a  creek  located  off  site,  south  of  LEAD. 

Area  B 


Constituents  present  above  MCLs  and/or  background  at  this  landfill  include  14  inorganics  and  two 
organics.  The  extent  of  contamination  in  this  area  appears  to  be  localized  to  the  area.  The  groundwater 
in  this  area  flows  to  the  west  into  the  tributary  of  North  Elkhom  Creek.  However,  the  source  of  the 
groundwater  contamination  is  difficult  to  establish  based  on  groundwater  flow  and  the  location  of  known 
potential  contaminant  sources. 

Area  C 


Constituents  present  above  MCLs  and/or  background  at  this  landfill  include  11  inorganics  and  two 
organics.  The  extent  of  contamination  in  this  area  appears  to  be  localized  to  the  area.  The  groundwater 
in  this  area  flows  to  the  west  into  the  tributary  of  North  Elkhom  Creek.  However,  the  source  of  the 
groundwater  contamination  is  difficult  to  established  based  on  groundwater  flow  and  the  location  of 
known  potential  contaminant  sources. 

7.2  RISK  ASSESSMENT 

After  evaluation  of  the  constituents  present  at  each  area  above  MCLs  and/or  background,  a  baseline  risk 
assessment  was  performed  and  chemicals  of  concern  derived. 

The  baseline  risk  assessment  for  human  health  at  the  LEAD  centered  upon  the  determination  of  the 
groundwater  related  exposure  concentrations,  exposure  pathways,  exposure  estimates,  and  relative 
noncancer  hazard  and  carcinogenic  risk  of  chemicals  of  concern  which  included  metals,  semivolatile 
organic  compounds,  and  volatile  organic  compounds.  The  chemicals  of  concern  were  selected  primarily 
on  the  basis  of  a  single  detection  of  a  chemical  in  the  groundwater  samples  collected  from  the  LEAD. 
The  results  of  the  assessment  conducted  on  the  other  media  (USAEC,  1994)  are  presented  in  Appendix 
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R  of  this  report  in  conjunction  with  the  results  of  this  report.  Naturally  occurring  inorganic  (primarily 
metals)  analytes  were  compared  to  site-specific  background  concentrations  and  removed  from  further 
study  in  the  risk  assessment  if  the  site-specific  concentrations  were  lower  than  background  levels. 

The  human  health  risk  assessment  was  developed  by  segregating  the  analytical  results  according  to  a 
physical/hydrogeological  divide  at  the  facility,  resulting  in  data  which  represented  the  Northern  and 
Southern  portions  of  the  LEAD.  Therefore,  two  data  sets  (representing  the  northern  and  southern 
portions  of  the  facility)  were  constructed  for  quantitative  evaluation  in  the  risk  assessment.  Chemicals 
detected  in  groundwater  did  not  remain  within  the  geographical/surficial  boimdaries  of  the  RFI  SWMUs 
and  other  areas.  The  north-south  division  of  the  data  allowed  for  the  characterization  of  potential 
exposure  to  groundwater  using  site-specific  information  with  regard  to  groundwater  flow  direction,  yield, 
depth  to  groundwater,  and  potential  chemical  migration  pathways  in  groundwater. 

The  chemicals  evaluated  in  the  baseline  risk  assessment  had  the  following  characteristics:  sufficient 
environmental  and  chemical  data;  at  least  one  chemical  detection  above  certified  reporting  limits  in 
groundwater;  and  a  potentially  complete  exposure  pathway  (i.e.,  where  a  selected  chemical,  a  receptor, 
and  a  transport  medium  between  the  source  and  the  receptor  were  all  present). 

Current  and  future  land-use  exposure  scenarios  were  examined  in  the  exposure  assessment.  No  current 
land-use  scenarios  were  identifiable  for  the  groundwater  pathway.  Groundwater  is  not  currently  utilized 
on-site.  In  addition,  area  residents  utilize  supplied  water  for  the  most  part.  However,  there  are  some 
private  wells  in  the  site  vicinity,  but  none  of  them  are  used  for  drinking  water.  Any  current  off-site 
exposures  would  be  encompassed  in  the  conservative  assessment  performed  for  potential  future  case 
receptors. 

The  future  land-use  scenario  considered  three  potential  receptor  groups:  a  hypothetical  future  worker  and 
hypothetical  future  adult  and  child  residents.  SWMUs  and  other  areas  where  such  potential  exposures 
might  feasibly  occur  were  identified  based  on  the  land  use  designations  for  the  LEAD  and  surrounding 
vicinity  (i.e.,  general  rural  and  light  industry).  These  land  use  designations  will  likely  continue  into  the 
future.  However,  all  receptors  were  evaluated  for  potential  exposures  to  groundwater  concentrations 
regardless  of  the  current  and  planned  future  zoning/site  use. 

Potential  future  scenario  exposure  estimates  were  quantified  for  the  receptor  groups  in  the  exposure 
assessment.  Conservative  assumptions  were  employed  in  the  characterization  of  potential  exposures  such 
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that  the  resulting  exposure  estimates  would  err  on  the  side  of  over-estimation,  rather  than  under¬ 
estimation  of  exposure,  hazard,  and/or  risk.  Potential  exposure  pathways  included:  ingestion  of 
groundwater,  dermal  contact  with  groundwater,  and  inhalation  of  groundwater  during  showering. 
Exposure  concentrations  for  the  chemicals  of  concern  were  based  on  the  95  percent  upper  confidence  limit 

(UCL)  or  maximum  sampling  result  (whichever  was  lower)  from  the  north  and  south  groundwater  wells 
investigated. 


The  toxicity  assessment  identified  toxicity  values  (RfDs  and  CSFs)  and  critical  toxic  effects  for  the 
chemicals  selected  for  evaluation.  Exposure  concentrations  which  exceed  the  toxicity  values  may  be 
associated  with  the  development  of  adverse  health  effects. 

The  risk  characterization  was  performed  to  evaluate  the  exposure  levels  estimated  in  the  exposure 
assessment  relative  to  the  toxicity  values  identified  in  the  toxicity  assessment.  The  potential  for 
noncarcmogenic  effects  was  evaluated  by  comparing  the  estimated  exposure  levels  to  the  toxicity  values. 
The  ratio  of  the  comparison  of  the  exposure  level  to  the  noncancer  toxicity  value  is  a  hazard  quotient. 
The  chemical-specific  hazard  quotients  were  summed  across  all  chemicals  of  concern  and/or  exposure 
pathways  for  each  SWMU  or  area  investigated  to  determine  the  total  hazard  index  for  the  area.  U.S. 
EPA  requirements  stipulate  that  a  noncancer  hazard  index  of  1.0  not  be  exceeded  to  demonstrate  that  site 
conditions  are  not  associated  with  unacceptable  human  health  effects  (U.S.  EPA,  1991d).  Estimated 
hazard  indices  were  found  to  be  greater  than  unity  for  the  following  cases. 


AREA  OF  INVESTIGATION 

CHEMICALS  CONTRIBUTING  TO 
HAZARD  INDEX  >  1.0 

NORTHERN  LEAD  GROUNDWATER 

Arsenic,  Lead,  Manganese,  Thallium,  Sodium 

SOUTHERN  LEAD  GROUNDWATER 

Antimony,  Manganese,  Thallium,  Aluminum 

The  potential  for  carcinogenic  effects  was  evaluated  in  the  risk  characterization  as  the  probability  that  an 
individual  will  develop  cancer  over  a  lifetime  of  exposure  to  the  selected  chemicals,  i.e.,  carcinogenic 
risk.  The  U.S.  EPA’s  National  Contingency  Plan  (NCP)  requires  that  the  lifetime  cancer  risk  at 
hazardous  waste  sites  should  fall  within  the  range  of  1  in  10,000  (lE-04)  to  1  in  1,000,000  (lE-06). 
KDEP  requires  that  lE-06  be  utilized  as  the  target  for  acceptable  risk. 
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The  risk  estimates  for  the  groundwater  areas  investigated  at  LEAD  exceeded  the  criterion  of  lE-06  for 
the  following  cases: 


AREA  OF  INVESTIGATION 

CHEMICALS  CONTRIBUTING  TO 
CARCINOGENIC  RISK  >lE-06 

NORTHERN  LEAD  GROUNDWATER 

Arsenic,  Eeryllium 

SOUTHERN  LEAD  GROUNDWATER 

Vinyl  Chloride,  Arsenic,  Beryllium 

The  total  noncancer  hazard  indices  and  risk  estimates  were  within  acceptable  limits  for  all  of  the  other 
chemicals  investigated  in  the  baseline  human  health  risk  assessment  for  the  LEAD. 

The  results  of  the  human  health  baseline  risk  assessment  were  tempered  by  a  consideration  of  a  number 
of  uncertainties  in  the  risk  assessment  process.  Such  uncertainties  may  have  an  impact  on  the  risk 
management  and  remedial  decisions  which  are  to  be  made  for  the  LEAD.  These  uncertainties  included 
the  following  considerations:  conservatism  of  the  exposure  concentrations  and  exposure  estimation 
assumptions;  lack  of  site-specific  exposure  parameter  values;  uncertainties  in  toxicity  values;  lack  of 
consideration  of  synergistic/antagonistic  effects  of  chemicals;  and  lack  of  measured  air  concentrations  for 
the  chemicals  of  concern. 

The  chemicals  which  provided  the  primary  contribution  to  the  total  hazard  or  risk  were  metals  (arsenic, 
beryllium,  lead,  manganese,  and  thallium)  concentrations  which  may  actually  reflect  the  natural  variability 
of  metals  in  groundwater.  Also,  it  was  assumed  that  receptors  would  be  exposed  to  the  higher  metal 
concentrations  in  groundwater,  without  further  filtration  or  treatment,  for  the  extended  period  of 
exposure,  thereby  overestimating  total  exposure,  hazard  and  risk.  Furthermore,  conservative  modeling 
to  predict  air  and  dermal  uptake  concentrations  were  used  in  place  of  actual  sampling/characterization  of 
these  media  and  exposure  mechanisms;  this  methodology  may  have  resulted  in  an  overestimate  of 
potential  exposure,  hazard  and  risk.  Risk  management  decisions  for  the  LEAD  must  include  a  thorough 
evaluation  of  these  uncertainties  in  the  course  of  determining  the  extent  of  remediation  which  will  be 

required  for  the  groundwater  areas  where  total  hazard  indices  or  risk  were  higher  than  acceptable  hazard 
and  risk  levels. 
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7.3  CONCLUSIONS 


The  chemicals  of  concern  for  this  RFI  are  those  chemicals  which  were  detected  in  the  LEAD  site 
groundwater  above  background  concentrations  which  present  an  unacceptable  risk  to  human  health  or 
exceed  Federal  U.S.  EPA  or  State  of  Kentucky  cleanup  standards,  standards  of  control,  or  other 
potentially  relevant  criteria/guidelines  for  human  health  and/or  environmental  protection*.  These 
chemicals  of  concern  will  be  the  focus  of  the  remedial  alternatives  evaluation  for  the  LEAD  groundwater 
in  the  Corrective  Measures  Study  (CMS)  portion  of  this  report.  Specifically,  these  chemicals  include 
benzene,  vinyl  chloride,  aluminum,  antimony,  arsenic,  barium,  beryllium,  cadmium,  chromium,  copper, 
iron,  lead,  manganese,  mercury,  nickel,  sodium  thallium,  and  zinc. 


Ltrarhiorn  exceptions  to  this  definition  are  DDT,  bis(2.ethylhexyl)phthalate.  carbon  tetrachloride, 

whirh  '  T  detected  in  only  3  out  of  42  groundwater  samples  at  concentrations 

wl^ch  were  generally  consistent  with  background  concentrations.  Bis(2-ethylhexyl)phthalate,  carbon  tetrachloride 

Mcfppl  Mri  concentrations  which  were  close  to  or  below 

above  tre  USFpf  iSirf'^'H  h  c"^  '^"ohloroethene  was  detected  slightly 

f  aI  MCL  and  the  State  of  Kentucky  Water  Supply  Source  Criteria  Value  for  trichloroethane  in  only  1 

44  samples  The  results  of  the  risk  assessment  for  the  LEAD  groundwater  determined  that  the  detected 
concentrations  of  all  these  chemicals  did  not  present  an  unacceptable  risk  to  human  health. 
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8.0  CORRECTIVE  MEASURES  STUDY 


8.1  APPROACH 


The  Corrective  Measures  Study  (CMS)  portion  of  this  RFI/CMS  report  presents  evaluations  of  remedial 
alternatives  for  chemicals  of  concern  which  have  been  identified  in  the  groundwater  at  the  Lexington 
Facility  of  Bluegrass  Army  Depot  (LEAD)  in  Lexington,  Kentucky.  Chemicals  of  concern  are  defined 
in  this  CMS  as  chemicals  detected  in  the  site  groundwater  which  present  an  unacceptable  risk  to  human 
health  or  exceed  Federal  U.S.  EPA  or  State  of  Kentucky  cleanup  standards,  standards  of  control,  or  other 
potentially  relevant  criteria/guidelines  for  human  health  and/or  environmental  protection'.  Table  8-1 
provides  a  complete  list  of  the  chemicals  of  concern  identified  in  the  LEAD  groundwater.  This  CMS  has 
been  prepared  in  accordance  with  U.S.  EPA  guidance  as  provided  in  the  document  entitled  "Guidance 
for  Conducting  Remedial  Investigations  and  Feasibility  Studies  Under  CERCLA"  (U.S.  EPA,  1988). 


The  purpose  of  the  CMS  is  to  identify  and  evaluate  remedial  action  alternatives  which  will  reduce  the 
human  health  and  environmental  risks  associated  with  chemicals  of  concern  in  the  LEAD  groundwater. 
These  alternatives  would  involve  restrictions  on  groundwater  use,  removal,  and/or  direct  treatment  of  the 
LEAD  groundwater.  In  preparing  the  CMS,  cleanup  goals  were  developed  for  the  chemicals  of  concern 
in  the  LEAD  groundwater.  These  cleanup  goals  represent  the  concentrations  to  which  the  chemicals  of 
concern  should  be  reduced  in  order  to  achieve  acceptable  human  health  and/or  environmental  risks  and 
to  provide  compliance  with  regulatory  requirements.  In  accordance  with  U.S.  EPA  guidance  (U.S.  EPA, 
1988),  the  cleanup  goals  and  Applicable  or  Relevant  and  Appropriate  Requirements  (ARARs)  were  used 
to  develop  remedial  action  objectives  for  the  contaminants  of  concern  in  the  LEAD  groundwater.  General 
response  actions  were  then  developed  for  the  contaminants  of  concern  to  satisfy  the  remedial  action 
objectives.  Remedial  technologies/altematives  applicable  to  each  general  response  action  were  then 
identified  and  screened  to  select  those  considered  most  appropriate  for  incorporation  into  a  set  of  remedial 
action  alternatives. 


The  only  noted  exceptions  to  this  definition  are  DDT,  bis(2-ethylhexyl)phthalate,  carbon  tetrachloride, 
tetrachloroethene,  and  trichloroethene.  DDT  was  detected  in  only  3  out  of  42  groundwater  samples  at  concentrations 
which  were  generally  consistent  with  background  concentrations.  Bis(2-ethylhexyl)phthalate,  carbon  tetrachloride,  and 
tewachloroethene  were  detected  in  only  1  out  of  44  samples  at  concentrations  which  were  close  to  or  below  USEPA 
MCLs  and  the  State  of  Kentucky  Water  Supply  Source  Criteria  Values.  Trichloroethene  was  detected  slightly  above 
the  USEPA  MCL  and  the  State  of  Kentucky  Water  Supply  Source  Criteria  Value  for  trichloroethene  in  only  1  out  of  44 
samples.  The  results  of  the  risk  assessment  for  the  LEAD  groundwater  determined  that  the  detected  concentrations 
of  ail  these  chemicals  did  not  present  an  unacceptable  risk  to  human  health. 


It  should  be  noted  that  the  remedial  alternative  evaluations  presented  in  this  report  do  not  address  the 
potential  need  for  containment,  treatment,  removal,  and/or  monitoring  of  contaminants  in  the  LEAD  soil, 
sediment,  or  surface  water.  These  environmental  media  were  the  subject  of  evaluation  in  a  separate 
Corrective  Measures  Study  report  which  was  recently  prepared  for  the  U.S.  Army  (USAEC,  June  1994) 
This  report  should  be  referred  to  for  a  detailed  evaluation  of  remedial  action  alternatives  for  the 
contaminants  of  concern  identified  in  the  LEAD  soil,  sediment,  and  surface  water. 

The  CMS  portion  of  this  report,  following  this  introductory  section,  is  divided  into  three  sections.  Each 
of  the  three  sections  presents  an  integral  step  in  . the  CMS  evaluation  process  for  remedial  alternative 
development,  screening,  and  evaluation.  These  sections/steps  are: 


Section  9.0 
Section  10.0 
Section  11.0 


Identification  and  Initial  Screening  of  Technologies 
Development  and  Screening  of  Remedial  Action  Alternatives 
Detailed  Analysis  of  Alternatives 


8.2  BACKGROUND  INFORMATION 
8.2.1  LBAD  Description  and  History 


lead  is  located  in  Fayene  Coun^-.  Kenincky,  in  the  .own  of  Avon,  approxinuKly  10  miles  east  of 
Lexington  (Figure  8-1).  TIk  Depot  encompasses  782  acres  which  were  acquired  through  die  purchase 
of  seven  tracts  of  farm  land.  The  Lexington  Facility  was  established  as  a  signal  depot  authorized  by 

DeparmtentofWarCJeneral  Order  No.ddatedJune  25,  1941.  In  December  1988,  the  Lexington  Facilio- 

was  lden.if.ed  for  closure  by  ttte  Defense  Secrearys  Oammission  on  Base  Realignment  and  Closure 

(BRAC).  Section  1.0  of  this  RFI/CMS  report  should  be  referred  to  for  a  more  detailed  description  of 

the  LBAD  facility  and  the  facility  history. 


8.2.2  Summary  of  RFI  Findings 

The  objective  of  the  groundwater  RFI  was  to  identify  die  namre  and  extent  of  comamination  as  it  relates 
to  past  and  present  activities  at  specific  areas  of  the  facility. 


Three  phases  of  the  RFI 
wells  were  installed. 


were  conducted  at  LEAD.  The  first  phase  began  in  October  1991,  when  1 1  new 
Phase  II  commenced  in  July  1992  with  the  installation  of  an  additional  24 
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monitoring  wells  and  the  RFI  was  completed  in  September  1993  when  four  more  wells  were  installed. 
A  total  of  39  monitoring  wells  were  installed  over  the  course  of  the  RFI. 


Prior  to  the  RFI,  11  monitoring  wells  were  installed  at  LEAD  in  1981  as  part  of  an  Environmental 
Survey. 

During  the  RFI,  samples  were  collected  from  the  monitoring  wells  and  analyzed  for  Target  Compound 
List  volatiles,  semivolatiles,  pesticides,  TAL  metals,  and  cyanide.  As  discussed  in  Section  8.1,  the 
LEAD  groundwater  analysis  results  were  evaluated  to  establish  which  of  the  detected  constituents  are 
considered  chemicals  of  concern.  Table  8.1  provides  a  list  of  these  chemicals  of  concern. 

8*2.3  Chemical  Fate  and  Transport  Summary 


The  fate  and  transport  of  chemical  constituents  in  the  LEAD  groundwater  is  a  function  of  the  persistence 
and  migration  pathways  for  each  chemical.  Persistence  generally  refers  to  the  amount  of  time  a  chemical 
compound  resides  in  the  environment  before  its  chemical  structure  is  altered  or  the  residence  time  of  a 
chemical  within  a  specific  environmental  media  (i.e.,  soil,  groundwater,  surface  water,  etc).  Migration 
refers  to  how  a  constituent  may  be  transported  within  or  between  environmental  media.  The  fate  and 
transport  discussion  presented  in  this  section  provides  a  brief  summary  of  the  persistence  and  potential 
migration  pathways  for  the  contaminant  groups  (i.e.,  volatile  organic  compounds  and  metals)  which  have 
been  identified  as  contaminants  of  concern  in  the  LEAD  groundwater.  A  more  detailed  fate  and  transport 
discussion  for  the  chemicals  in  the  LEAD  groundwater  is  presented  in  Section  5.4  of  this  report. 

Organic  Compounds 


Volatile  organic  compounds  (VOCs)  have  been  identified  as  chemicals  of  concern  in  the  LEAD 
groundwater  (i.e.,  vinyl  chloride  and  benzene).  VOCs  are  generally  characterized  by  rapid  volatilization, 
low  adsorption  to  soil,  and  varying  degrees  of  solubility  and  biodegradability.  With  respect  to  solubility, 
vinyl  chloride  and  benzene  are  only  slightly  soluble  in  water.  With  respect  to  biodegradability, 

chlorinated  VOCs  (vinyl  chloride,  in  this  case)  tend  to  biodegrade  very  slowly,  whereas  the  benzene  is 
more  amenable  to  biodegradation. 

The  principle  route  of  VOC  migration  m  the  LEAD  groundwater  is  expected  to  be  lateral  and  vertical 
migration  through  the  soils  and  within  saturated  fractures,  joints,  and  bedding  planes  of  the  bedrock. 


Vinyl  chloride  and  benzene,  which  are  not  very  soluble  in  water  and  have  a  lower  density  than  water, 
are  expected  to  migrate  coincident  with  the  top  of  the  water  table. 


Metals 


Metals  have  been  identified  as  chemicals  of  concern  in  the  LEAD  groundwater.  The  presence,  physical 
state,  and  concentrations  of  metals  in  groundwater  are  determined  by  chemical  processes,  physical 
processes,  and  environmental  conditions.  The  fact  that  metals  occur  naturally  at  various  concentrations 
in  the  environment  is  a  factor  which  must  be  considered  when  evaluating  the  persistence  and  migration 
pathways  of  these  elements.  Furthermore,  the  chemical  and  physical  processes  of  solubility,  hydrolysis, 
sorption,  oxidation-reduction,  and  complexation  will  also  have  a  direct  impact  on  the  persistence  and 
migration  of  metals  in  the  LEAD  groundwater.  All  of  these  factors  serve  to  complicate  the  fate  and 
transport  evaluation  for  metals  in  the  site  groundwater  to  the  extent  that  a  very  accurate  and  detailed 
evaluation  could  not  be  performed  without  a  significant  expenditure  of  time  and  effort.  However,  it  can 
be  generalized  that  the  overall  persistence  of  metal  contaminants  in  groundwater  is  relatively  high. 
Furthermore,  it  is  anticipated  that  dissolved  metals  in  groundwater  would  migrate  coincident  with 
groundwater  flow  and,  depending  on  particle  density  and  shape,  the  migration  of  undissolved  metals 

would  also  be  controlled  by  the  presence,  orientation,  and  geometry  of  fracture  points  in  the  bedrock 
aquifer. 


8.2.4  Baseline  Risk  Assessment  Summary 

A  risk  assessment  was  performed  to  evaluate  the  possibility  of  human  health  effects  in  receptors 
potentially  subject  to  exposure  to  chemicals  detected  in  the  LEAD  groundwater.  The  risk  assessment  was 
conducted  in  accordance  with  applicable  U.S.  EPA  and  Kentucky  Department  of  Environmental 
Protection  (KDEP)  guidelines  concerning  the  performance  of  risk  assessments.  The  risk  assessment  is 
comprised  of  an  identification  of  chemicals  of  concern,  an  exposure  assessment,  a  toxicity  assessment, 
and  a  risk  characterization.  Conservative  assumptions  were  employed  to  provide  estimates  of  exposures, 
risks,  and  hazards  which  would  likely  result  in  over-estimates  rather  than  under-estimates  of  the  true  risks 
and  hazards  for  the  receptor  populations. 

The  identification  of  risk-based  chemicals  of  concern  was  based  primarily  on  the  criterion  of  a  single 
detection  of  a  chemical  in  any  of  the  samples  obtained  from  the  site  for  organic  and  non-namrally 
occurring  inorganic  compounds.  For  naturally  occurring  inorganic  anal)ftes,  the  maximum  or  95  percent 
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upper  confidence  level  (UCL),  whichever  was  lower,  was  compared  to  background  levels.  If  the 
inorganic  chemical  concentration  was  higher  than  background  concentrations,  the  chemical  was  retained 
as  a  chemical  of  concern.  Therefore,  the  process  for  selecting  risk-based  chemicals  of  concern  was 
conservative  in  that  chemicals  were  included  regardless  of  their  frequency  of  detection,  essential  nutrient 
status,  or  relative  toxic  potential.  The  analytical  results  of  groundwater  samples  indicated  the  presence 
of  volatile  organic  compounds,  semivolatile  organic  compounds  and  metals.  Many  of  these  chemicals 
were  detected  infrequently  and  at  low  concentrations. 

Exposure  consists  of  contact  with  a  chemical  or  physical  agent.  An  exposure  assessment  is  performed 
to  estimate  the  amount  of  a  chemical  available  at  a  bodily  exchange  area,  such  as  the  lungs, 
gastrointestinal  tract,  or  skin,  over  a  specified  time  period.  An  exposure  assessment  was  performed  to 
determine  whether  the  chemical  concentrations  in  the  groundwater  would  result  in  a  daily  intake  level  or 
dose  which  could  be  associated  with  an  adverse  health  effect.  The  LEAD  has  downsized  in  anticipation 
of  closure  in  1995.  The  LEAD  and  surrounding  area  are  zoned  for  general  rural  or  industrial  use.  It 
is  expected  that  the  present  land  use  designations  will  continue  into  the  future.  With  respect  to  current 
land  use,  no  receptor  population  groups  were  identifiable.  Two  hypothetical  future  land  use  receptor 
groups  were  identified:  potential  future  workers  and  potential  future  residents. 

Potential  exposure  pathways  evaluated  for  these  receptors  included:  ingestion  of  groundwater,  dermal 
contact  with  groundwater,  and  inhalation  of  groundwater  during  showering.  Exposure  concentrations  for 
the  chemicals  evaluated  were  based  on  the  sampling  results  from  either  the  northern  or  southern 
groundwater  wells. 

The  potential  for  exposure  to  a  chemical  to  result  in  an  adverse  health  effect,  and  the  chemical 
concentration  at  which  such  an  effect  might  occur,  are  evaluated  in  the  toxicity  assessment  of  the 
chemicals  of  concern.  A  toxicity  assessment  was  performed  to  determine  appropriate  toxicity  values  for 
the  risk-based  chemicals  of  concern  at  the  LEAD.  In  addition,  the  toxicity  assessment  identifies  the 
critical  toxic  effects  for  these  chemicals  of  concern.  The  toxicity  values  represent  the  exposure  levels 
which  are  expected  to  be  without  adverse  noncancer  health  consequences,  or  which  would  be  protective 
against  excess  cancer  risk.  Exposure  concentrations  which  exceed  the  toxicity  values  may,  therefore,  be 
associated  with  an  adverse  health  effect. 
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A  risk  characterization  was  conducted  for  the  chemicals  selected  for  evaluation  in  which  the  exposure 
levels  calculated  in  the  exposure  assessment  were  evaluated  with  respect  to  the  toxicity  values  identified 
in  the  toxicity  assessment. 

In  a  risk  characterization,  the  potential  for  noncarcinogenic  effects  is  evaluated  by  comparing  the  exposure 
level  estimates  to  the  toxicity  values.  The  result  of  the  comparison  of  the  exposure  level  to  the  noncancer 
toxicity  value  is  termed  a  hazard  quotient.  Chemical-sjjecific  hazard  quotients  summed  across  all 
chemicals  of  concern  and/or  exposure  pathways  are  called  hazard  indices.  U.S.  EPA  requirements 
stipulate  that  a  noncancer  hazard  index  of  1.0  (or  unity)  not  be  exceeded  to  demonstrate  that  site 
conditions  are  not  associated  with  unacceptable  human  health  effects  (U.S.  EPA,  1991d).  Estimated 
hazard  indices  exceeded  unity  in  both  the  northern  and  southern  groundwater  wells  at  the  LEAD.  The 
primary  chemicals  contributing  to  the  excess  hazard  were:  (1)  arsenic,  lead,  manganese,  and  thallium 
in  the  northern  LEAD  area;  and  (2)  antimony,  manganese,  and  thallium  in  the  southern  LEAD  area. 

The  potential  for  carcinogenic  effects  is  evaluated  in  the  risk  characterization  by  determining  the 
probability  that  an  individual  will  develop  cancer  over  a  lifetime  of  exposure  to  the  risk-based  chemicals 
of  concern.  This  estimated  probability  for  cancer  development  is  described  as  the  carcinogenic  risk.  For 
exposure  to  chemical  carcinogens  at  sites  where  hazardous  substances  have  been  released,  U.S.  EPA’s 
National  Contingency  Plan  (NCP)  requires  that  the  lifetime  cancer  risk  at  a  particular  site  should  fall 
within  the  range  of  1  in  10,000  (l.OE-04)  and  1  in  1,000,000  (l.OE-06)  depending  on  a  number  of  factors 
including  cost,  technical  feasibility  and  public  acceptance  (U.S.  EPA,  1991d).  Similarly,  U.S.  EPA’s 
proposed  guidance  for  corrective  actions  for  SWMUs  at  Hazardous  Waste  Management  Facilities 
recommends  sumlar  guidelines  (U.S.  EPA  1990a).  This  policy  states  that  acceptable  exposure  levels  are 
generally  concentration  levels  that  represent  a  cumulative  excess  upper  bound  lifetime  cancer  risk  to  an 
individual  between  l.OE-04  and  l.OE-06.  KDEP  requires  a  level  of  l.OE-06  for  acceptable  risk.  The 
risk  estimates  for  the  LEAD  were  within  this  criterion  range,  with  the  following  exceptions  where  risk 
exceeded  l.OE-06:  (1)  potential  exposure  to  arsenic  and  beryllium  in  the  northern  area  of  the  LEAD; 
and  (2)  potential  exposure  to  arsenic,  beryllium,  and  vinyl  chloride  in  the  southern  area  of  the  LEAD, 

Uncertainties  in  the  risk  assessment  process  include:  conservatism  in  the  exposure  concentrations  and 
exposure  estimation  assumptions;  lack  of  site-specific  exposure  parameter  values;  uncertainties  in  toxicity 
values;  lack  of  consideration  of  synergistic/antagonistic  effects  of  chemicals;  and  lack  of  measured  air 
and  fish  dermal  uptake  concentrations  for  the  chemicals  found  at  the  site.  Such  uncertainties  may  result 
in  over-  or  under-estimation  of  risks  and  hazards.  The  approach  taken  in  the  risk  assessment  was  one 
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where  conservative  assumptions  were  employed  to  err  on  the  side  of  over-estimating  exposures,  risks, 
3nd  hazards.  Risk  management  decisions  for  the  LEAD  should  include  a  thorough  evaluation  of  such 
uncertainties. 
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TABLE  8-1 

ORGANICS 
Benzene 
Vinyl  Chloride 


INORGANICS 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Copper 

Iron 

Lead 

Manganese 

Mercury 

Nickel 

Thallium 

Zinc 
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9.0  IDENTIFICATION  AND  SCREENING  OF  TECHNOLOGIES 


9.1  INTRODUCTION 

In  this  section,  remedial  technologies  and  process  options  are  identified  and  screened  for  impacted 
groundwater  at  LEAD.  Remedial  action  alternatives  for  impacted  soil,  sediment,  and  surface  water  at 
LEAD  were  evaluated  in  a  separate  CMS  report  which  was  recently  prepared  and  submitted  to  the  U.S. 
Army  (USAEC,  June  1994).  Inherent  in  the  evaluation  of  remedial  action  alternatives  for  these  media, 
particularly  impacted  soil,  is  the  treatment  or  containment  of  contaminants  which  may  be  a  source  of  the 
LEAD  groundwater  contamination.  To  avoid  a  duplication  of  effort,  these  alternative  evaluations  are 
not  repeated  in  this  repon.  The  June  1994  CMS  report  should  be  referred  to  for  an  evaluation  of 
remedial  alternatives  for  contaminated  LEAD  soil,  sediment,  and  surface  water. 

The  remedial  technology  identification  and  screening  process  for  impacted  LEAD  groundwater  presented 
in  this  section  consists  of  the  following  four  steps: 

•  Develop  remedial  action  objectives  that  specify  the  groundwater  chemicals  of  concern,  exposure 
pathways,  and  preliminary  remedial  cleanup  goals.  These  remedial  action  objectives  are 
developed  on  the  basis  of  requirements  developed  from  identified  Applicable  or  Relevant  and 
Appropriate  Requirements  (ARARs)  (when  pertinent)  and  from  risk-related  factors  for  the 
groundwater. 

•  Develop  general  response  actions  which  could  be  taken  to  satisfy  the  remedial  action  objectives 
for  the  impacted  groundwater. 

•  To  the  extent  practicable,  identify  areas  of  groundwater  contamination  for  which  general  response 
actions  may  be  required. 

•  Identify  and  screen  technologies  applicable  to  each  general  response  action.  The  initial  criterion 
for  this  screening  is  technical  feasibility. 

Technically  implementable  technologies  are  further  screened  based  on  effectiveness,  implementability. 
and  cost  in  Section  10.0.  Technologies  retained  after  the  second  screening  process  are  then  assembled 
into  alternatives  and  evaluated  in  detail  in  Section  1 1 .0. 
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9.2  REMEDIAL  ACTION  OBJECTIVES 


Remedial  action  objectives  are  media-specific  goals  for  protecting  human  health  and  the  environment. 
Remedial  action  objectives  specify  the  chemicals  of  concern,  exposure  routes  and  receptors,  and 
acceptable  contaminant  levels.  Protectiveness  may  be  achieved  by  reducing  exposure  (i.e.,  by  prohibiting 
future  use  of  groundwater)  as  well  as  by  actually  reducing  contaminant  levels  through  treatment.  The 
derivation  of  remedial  action  objectives  is  dependent  upon  consideration  of  the  chemicals  of  concern  and 
receptors  for  which  cleanup  goals  are  required. 

Remedial  action  objectives  are  often  risk-based  contaminant  concentrations  (cleanup  goals)  developed 
using  information  from  the  baseline  risk  assessment.  According  to  the  National  Contingency  Plan  (NCP), 
the  acceptable  target  range  for  cancer  risk  is  1  x  lO"*  to  1  x  10'®  excess  occurrences  of  cancer  in  an 
exposed  population.  Health  risk-based  cleanup  goals  for  noncarcinogenic  effects  are  also  developed  using 
hazard  indices.  The  criteria  for  developing  cleanup  objectives  at  sites  requiring  remediation  are  the 
acceptable  cancer  risk  range  of  1  x  lO"^  to  1  x  lO"®  and  the  noncancer  hazard  criterion  of  unity.  For 
ecological  receptors,  appropriate  toxicity  level  information  and  ambient  water  quality  criteria  can  be 
utilized  to  develop  cleanup  goals.  In  cases  where  an  ARAR  for  a  chemical  represents  an  acceptable 
exposure  level,  the  ARAR  can  be  utilized  as  a  remedial  objective  (U.S.  EPA,  1991c),  provided  that  total 
site  risk/hazard  remains  within  the  acceptable  limits.  In  addition,  background  conditions  and  detection 
limits  (Certified  Reporting  Limits)  which  may  feasibly  be  achieved  using  current  analytical  techniques 
are  also  considered  in  the  selection  of  appropriate  chemical-specific  cleanup  goals  for  the  LEAD 
groundwater.  The  remedial  action  objectives  may  also  be  based  on  federal  and  state  ARARs. 

The  risk-based  cleanup  goals,  federal  and  state  ARARs,  background  levels,  and  Certified  Reporting 
Limits  (CRLs)  which  are  identifiable  as  potential  remedial  action  objectives  for  the  LEAD  sites  are 
presented  in  the  following  subsections. 

9.2.1  Risk-Based  Cleanup  Goals 

The  elimination  or  minimization  of  threats  to  human  health  and  the  environment  from  groundwater 
contamination  at  LEAD  requires  addressing  exposure  pathways,  receptor  populations,  and  levels  of 
exposure  associated  with  the  groundwater  contaminants. 
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The  remedial  action  objectives  are  determined  with  consideration  of  existing  and  potential  fumre  use  of 
the  LEAD  site.  The  remedial  cleanup  goals  for  the  on-site  contaminated  groundwater  are  based  on 
minimizing  human  health  and  ecological  risks/hazards  due  to  direct  contact,  ingestion,  and/or  inhalation 
of  the  chemicals  detected  in  contaminated  groundwater.  Criteria  for  acceptable  noncancer  hazard  (i.e., 
1.0)  and  carcinogenic  risk  (i.e.,  lE-06)  were  exceeded  in  both  the  northern  and  southern  groundwater 
wells  at  LEAD.  The  remedial  objectives  for  areas  where  risk  criteria  were  exceeded  will  include  the 
reduction  of  the  total  site  exposures,  noncancer  hazards,  and  carcinogenic  risks  to  acceptable  levels.  For 
the  northern  and  southern  areas  of  LEAD,  these  objectives  would  be  developed  to  include  the  following 
requirements  from  the  standpoint  of  the  protection  of  human  health: 

Northern  Area:  Reduce  the  exposure  to  groundwater  levels  of  arsenic,  beryllium,  lead, 
manganese,  and  thallium  through  the  ingestion  and/or  dermal  contact  exposure  pathways. 

Southern  Area:  Reduce  the  exposure  to  groundwater  levels  of  antimony,  arsenic,  beryllium,  lead, 
manganese,  thallium,  and  vinyl  chloride  through  the  ingestion,  dermal  contact,  and/or  inhalation 
exposure  pathways. 

9-2. 1.1  Human  Health-Based  Cleanup  Goals 

Cleanup  goals  were  developed  for  the  LEAD  groundwater  on  a  site-  and  receptor-specific  basis.  U.S. 
ERA’S  guidelines  for  the  development  of  remedial  goals  (U.S.  ERA,  1992a)  were  utilized  to  derive 
appropriate  human  health  remedial  objectives  for  the  LEAD  groundwater  where  either  the  total  noncancer 
hazard  index  exceeded  the  criterion  value  of  1.0  and/or  the  total  carcinogenic  risk  exceeded  the  lower 
end  (lE-06)  on  the  acceptable  carcinogenic  risk  range  (i.e,  a  lE-06  to  lE-04  risk).  As  described  in 
Section  8.2.4,  the  human  health  noncancer  hazard  and/or  the  carcinogenic  risk  criteria  were  exceeded  in 
both  the  northern  and  southern  areas  of  LEAD. 

The  LEAD  property  is  divided  into  two  zoning  categories,  namely  for  agricultural  use  or  rural  use  and 
facility  land  use  is  expected  to  continue  to  be  utilized  for  primarily  occupational  and/or  residential  or 
recreational  use  in  the  future.  Therefore,  remedial  objectives  were  developed  for  both  a  hypothetical 
future  resident  or  a  future  occupational  receptor.  It  is  expected  that  sites  located  in  the  open-space  area 
zoned  for  agricultural  use  and  in  the  built-up  area  zoned  for  rural  activity  would  continue  to  be  potentially 
associated  with  residential  and  occupational  receptors,  respectively,  in  the  future.  Therefore,  for 
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decision-making  purposes,  health-based  remedial  objectives  were  derived  for  both  occupational  and 
residential  scenarios  where  total  risk  exceeded  lE-06  or  noncancer  hazard  exceeded  unity. 


Remedial  objectives  were  derived  based  on  the  exposure  pathways  which  were  found  to  provide  the 
primary  contribution  to  the  total  site  risks  or  hazards  in  the  baseline  risk  assessment.  Both  the  approach 
and  calculations  used  in  development  of  these  risk/hazard-based  cleanup  objectives  are  presented  in  detail 
in  Appendix  S  of  this  document.  A  brief  summary  of  the  results  are  presented  in  the  following 
subsections. 

The  target  risk  of  l.OE-04  to  l.OE-06  was  utilized  to  derive  the  remedial  objectives  for  each  of  the 
chemicals  of  concern  in  the  sites  where  a  l.OE-06  total  site  risk  was  exceeded.  Table  9-1  indicates  the 
concentrations  necessary  in  site  groundwater  to  achieve  the  target  risk  levels  for  each  carcinogenic 
chemical  of  concern  identified  in  the  baseline  risk  assessment  as  providing  the  primary  contribution  to 
the  total  site  risk.  The  total  site  carcinogenic  risk  exceeded  a  level  of  lE-06  in  both  the  northern  and 
southern  LEAD  areas.  Risk-based  cleanup  goals  were  developed  for  the  potential  residential  and 
occupational  receptors  and  exposure  pathways  associated  with  the  unacceptable  risks. 

The  target  hazard  index  level  of  1.0  for  chemicals  was  used  to  formulate  target  hazard  levels  for  the 
LB  AD  areas  where  the  total  site  noncancer  hazard  exceeded  unity.  The  total  noncancer  index  exceeded 
unity  for  both  the  north  and  south  LEAD  areas  where  health-based  criteria  were  exceeded.  Table  9-1 
also  includes  the  site  groundwater  concentrations  necessary  to  achieve  the  targeted  hazard  levels  for  the 
residential  and  occupational  receptors  and  exposure  pathways  for  which  hazard  levels  were  found  to  be 
unacceptable  in  the  baseline  risk  assessment. 

Overall,  the  human  health  risk-based  cleanup  goals  were  developed  using  very  conservative  assumptions, 
which  will  likely  be  over-  rather  than  under-protective  of  human  health.  Therefore,  in  the  case  where 
the  maximum  chemical  concentration  detected  was  below  the  risk-based  cleanup  level,  the  chemical  was 
eliminated  from  further  consideration  or  evaluation  in  the  CMS  as  a  chemical  of  concern. 

9.2. 1.2  Uncertainties  Associated  With  the  Development  of  Risk-Based  Cleanup  Goals 

A  number  of  uncertainties  inherent  in  the  risk  assessment  process  are  also  applicable  to  the  risk-based 
development  of  cleanup  goals.  These  uncertainties  are  associated  with  the  assumptions  which  are  made 
regarding  chemical  concentrations,  receptors,  exposure,  and  the  potential  toxicity  of  the  chemicals  of 
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concern.  With  respect  to  the  human  health-based  cleanup  goals,  the  following  uncertainties  should  be 
noted: 


The  assumption  is  made  that  the  chemical  concentrations  detected  at  the  LEAD  sites  are  located 
in  areas  such  that  routine  exposure  can  occur.  If  the  chemical  concentrations  are  not  distributed 
equally  across  the  exposure  area,  then  the  risk-based  cleanup  goals  may  be  over-  or 
underestimates  of  the  concentrations  which  would  be  required  to  protect  human  health. 

The  assumption  is  made  that  the  receptor  populations  identified  in  the  RFI  risk  assessment  will 
be  subject  to  exposure  in  the  LEAD  sites  where  total  site  hazards  and  risks  exceeded  acceptable 
levels.  If  such  receptor  populations  do  not  utilize  the  LEAD  sites  as  assumed  in  the  risk 
assessment,  the  cleanup  goals  may  be  over-  or  underestimated.  In  general,  in  the  Comprehensive 
Plan,  the  open-space  area  of  LEAD  is  not  zoned  for  residential  use.  Rather,  plans  call  for  the 
area  to  be  used  as  a  park  or  refuge.  In  sites  where  residential  exposures  were  assumed,  the  risk- 
based  cleanup  levels  may  be  overestimated  compared  to  a  recreational  exposure  scenario. 

Conservative  assumptions  regarding  daily  exposure  were  employed  in  the  development  of  the 
human  health-based  cleanup  goals.  The  exposure  term  was  based  on  scenarios  which  include  the 
possibility  that  exposure  to  soil  would  occur  on  a  daily  basis  for  a  site  resident  or  occupational 
receptor.  However,  such  exposure  might  be  lesser  or  greater  in  extent  or  frequency  depending 
upon  individual  receptor  variation.  In  general,  the  exposure  assumptions  utilized  have  been 
selected  to  err  on  the  side  of  over-conservatism,  such  that  actual  exposure  would  be  expected  to 
be  lesser  in  magnitude. 

The  assumption  of  additivity  of  effect  is  utilized  in  human  health  risk  assessments.  However, 
chemicals  may  not  interact  and  result  in  additive  or  compounded  health  effects  when  exposure 
to  more  than  one  chemical  occurs.  Thus,  the  chemicals  identified  as  requiring  remediation  may 
not  all  require  such  action.  However,  in  the  absence  of  a  more  definitive  method  for  identifying 
chemicals  which  may  be  associated  with  unacceptable  health  impacts,  the  more  protective 
assumption  of  additivity  is  employed. 

The  human  health-based  cleanup  goals  are  derived  using  toxicity  factors  (i.e.,  noncancer 
reference  doses  and  cancer  slope  factors).  For  many  chemicals,  these  toxicity  values  are 
developed  using  laboratory  animals  and  then  extrapolating  effects  to  humans.  Uncertainty  or 
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safety  factors  are  also  included  in  the  derivation  of  the  toxicity  factors  to  account  for  such 
species-species  extrapolations,  as  well  as  for  factors  such  as  the  mode  of  chemical  administration, 
the  overall  quality  of  the  smdy,  the  number  of  study  subjects,  etc.  In  addition,  the  studies  from 
which  the  toxicity  data  are  developed  may  not  match  the  duration  of  the  exposure  (i.e.,  chronic, 
subchronic,  or  acute)  for  which  the  chemical  is  being  evaluated  in  the  baseline  risk  assessment 
or  remedial  objective  identification  arenas. 

•  The  identification  of  risk-based  chemicals  of  concern  was  based  primarily  on  the  criterion  of  a 
single  detection  of  a  chemical  in  any  of  the  samples  obtained  from  the  site  for  organic  and  non- 
naturally  occurring  inorganic  compounds.  For  naturally  occurring  inorganic  analytes,  the 
maximum  was  compared  to  background  levels.  If  the  inorganic  chemical  concentration  was 
higher  than  background  concentrations,  the  chemical  was  retained  as  a  chemical  of  concern. 
Therefore,  the  process  for  selecting  risk-based  chemicals  of  concern  was  conservative  in  that 
chemicals  were  included  regardless  of  their  frequency  of  detection,  essential  nutrient  stams,  or 
relative  toxic  potential.  Consequently,  the  fact  that  rarely  detected  chemicals  were  carried 
through  the  risk  assessment  suggests  that  actual  risks/hazards  may  be  lower  than  those  actually 
calculated  due  to  infrequent  exposure. 

9.2.2  ARARs 

ARARs  for  the  impacted  LEAD  groundwater  include  cleanup  standards,  standards  of  control,  and  other 
enforceable  federal,  or  state  environmental  protection  requirements.  These  standards  and  requirements 
might  specifically  address  a  hazardous  constituent,  remedial  action,  location,  or  other  circumstances  at 
a  RCRA  site.  Appendix  T  provides  a  preliminary  list  of  potential  ARARs  for  the  LEAD  groundwater. 

ARARs  are  categorized  as: 

1.  Chemical  -  specific  requirements, 

2.  Action  -  specific  requirements,  or 

3.  Location  -  specific  requirements. 

Following  the  identification  of  chemicals  of  concern  present  at  the  site  and  any  special  location 
characteristics,  the  location-  and  chemical-specific  ARARs  may  be  identified.  Action-specific  ARARs 
are  considered  in  the  CMS  during  the  development  of  remedial  alternatives.  Chemical-specific  ARARs 
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are  values  applied  to  site  conditions  to  establish  levels  or  concentrations  of  specific  chemicals  which  may 
remain  in  or  be  discharged  to  the  ambient  environment.  Federal  and  Commonwealth  of  Kentucky 
chemical-specific  ARARs  for  constituents  detected  in  the  LB  AD  groundwater  are  provided  in  Table  9-2. 

Federal  Maximum  Contaminant  Levels  (MCLs)  and  Kentucky  Domestic  Water  Supply  Criterion  Values 
(KDWSC)  are  provided  in  Table  9-2  (if  available)  for  the  chemicals  detected  in  the  LEAD  groundwater. 
The  MCLs  are  promulgated  by  the  Safe  Drinking  Water  Act  (SDWA),  and  are  generally  considered 
ARARs  for  water  that  is  or  could  be  used  for  drinking.  MCLs  do  not  necessarily  represent  de  minimis 
risk  concentrations.  However,  U.S.  EPA  has  set  MCLs  based  on  a  number  of  cost-benefit  factors  (i.e., 
toxicity,  best  developed  available  technology,  etc.)  The  KDWSC  values  are  also  generally  considered 
ARARs  for  water  that  could  be  used  for  drinking  water  in  the  State  of  Kentucky.  Use  of  an  MCL  as  an 
ARAR  for  the  LEAD  groundwater  is  considered  to  be  conservative  in  light  of  the  fact  that  the  LEAD 
groundwater  has  not  been  utilized  as  a  drinking  water  supply. 

Federal  Ambient  Water  Quality  Criteria  (AWQCs)  and  State  of  Kentucky  Water  Quality  Criteria  for 
protection  of  human  health  and  aquatic  life  are  also  presented  in  Table  9-2.  These  criteria  values  are  not 
legally  enforceable  standards,  but  are  potentially  relevant  and  appropriate  to  RCRA  actions.  The  Federal 
AWQCs  and  Kentucky  water  quality  criteria  values  may  be  used  as  ARARs  in  the  event  that  treated 
LEAD  groundwater  is  discharged  to  on-post  streams  or  ponds.  These  values  have  been  developed  for 
human  ingestion  of  both  water  and  fish;  human  ingestion  of  fish;  and  the  protection  of  freshwater  aquatic 
organisms  and  warm  water  aquatic  habitat. 

Action-  and  location-specific  ARARs  are  included  in  Appendix  T.  Action-specific  ARARs  are 
technology-  or  activity-based  requirements  which  apply  to  actions  taken  at  the  site.  Location-specific 
ARARs  are  restrictions  placed  on  chemical  concentrations  or  remedial  activities  due  to  their  location. 
The  more  common  location-specific  ARARs  pertain  to  protection  of  wetlands,  flood  plains,  and  siting 
criteria  for  hazardous  and  solid  waste  facilities. 

9.2.3  Certified  Reporting  Limits 

Before  any  analytical  system  is  employed  by  a  USATHAMA  certified  laboratory,  sufficient  spikes  and 
blanks  are  analyzed  in  order  to  statistically  establish  the  lowest  sample  concentration  which  may  be 
reported.  This  concentration  is  called  the  Certified  Reporting  Limit  (CRL). 
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The  CRLs  are  laboratory-specific  and  are  derived  from  the  following  assumptions; 

•  The  relationship  between  the  found  concentration  and  target  concentration  is  linear; 

•  The  variance  of  the  least  squares  linear  regression  line  is  homogeneous  over  the  tested 
concentration  range;  and 

•  Found  concentrations  for  a  given  target  concentration  are  normally  distributed. 

CRLs  are  determined  by  using  the  USATHAMA  program  with  90-percent  confidence  limits The  CRL 
is  associated  with  the  entire  method  and  reflects  all  sample  preparation  and  measurement  steps. 

CRLs  are  included  in  this  discussion  to  provide  a  point  of  comparison  for  the  development  of  the  cleanup 
concentrations  for  the  LEAD  groundwater.  It  would  not  be  expected  that  cleanup  levels  would  be  set  at 
concentrations  which  are  below  such  reporting  limits,  if  such  levels  could  not  be  reliably  determined  by 
laboratory  analytical  procedures. 

9.2.4  Background  Concentrations 

The  background  chemical  concentrations  for  LEAD  groundwater  are  presented  in  Table  9-3.  Samples 
were  collected  at  the  LEAD  which  were  upgradient  of  the  LEAD  sites  or  which  were  located  in  areas 
which  were  unaffected  by  site  activities.  As  per  U.S.  EPA  Region  IV  guidelines  for  risk  assessments 
(U.S.  EPA,  1991b),  the  background  levels  represent  concentrations  which  are  two  times  the  average 
measured  background  concentrations  detected  for  the  LEAD.  These  data  are  provided  as  a  point  of 
comparison  for  the  development  of  cleanup  goals  for  the  LEAD  groundwater.  It  would  not  be  expected 
that  the  cleanup  goals  for  the  sites  would  be  lower  than  background  concentrations. 

9.2.5  Remedial  Objectives  for  Groundwater 

The  culmination  of  the  evaluation  of  human  health-based  cleanup  goals,  ARARs,  CRLs,  and  background 
concentrations  for  the  chemicals  of  concern  in  the  LEAD  groundwater  is  the  summary  presentation  of 
chemical-specific  cleanup  goals.  Table  9-4  presents  each  of  these  factors  considered  in  the  identification 
of  the  cleanup  goals  for  the  LEAD  groundwater.  These  values  represent  potential  cleanup  goals  which 
should  be  considered  during  the  risk  management  decision-making  process  for  the  LEAD  groundwater. 
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It  should  be  noted  that  background  concentrations  must  be  considered  when  selecting  the  groundwater 
cleanup  goals  for  all  namrally  occurring  chemicals,  particularly  when  the  human  health-based  cleanup 
goal  or  ARAR  concentrations  are  lower  than  the  background  concentrations.  However,  calculated  PRGs 
that  are  higher  than  established  MCLs  would  not  be  utilized  instead  of  the  more  conservative  MCLs. 
Remediation  of  site  groundwater  to  levels  which  are  cleaner  than  background  conditions  would  be 
considered  unreasonable.  Similarly,  CRL  values  should  be  considered  in  the  selection  of  cleanup  goals 
because  it  is  not  expected  that  cleanup  levels  would  be  set  at  concentrations  which  are  below  CRLs  since 
these  concentrations  could  not  be  reliably  determined  by  laboratory  analytical  procedures. 

9.3  roENTIFICATION  OF  GENERAL  RESPONSE  ACTIONS 


General  response  actions  are  steps  taken  to  satisfy  remedial  action  objectives  and  characterize  the  range 
of  remedial  responses  appropriate  for  impacted  environmental  media.  As  previously  discussed,  this  CMS 
provides  a  focused  evaluation  of  general  response  actions/remedial  alternatives  for  impacted  LEAD 
groundwater.  General  response  actions  for  the  impacted  groundwater  include  no  action,  institutional 
controls,  in-situ  treatment,  groundwater  extraction  and  treatment,  containment  of  soil  contaminants  which 
are  a  groundwater  contaminant  source,  removal  and  treatment  and/or  disposal  of  impacted  soils  which 
are  a  groundwater  contaminant  source,  and  treatment  and/or  disposal  of  treatment  residuals.  These 
response  actions  were  developed  based  on  the  LEAD  groundwater  remedial  action  objectives  and  other 

site-specific  characteristics.  The  general  response  actions  under  consideration  for  the  LEAD  groundwater 
are  described  below. 


No  Action 


No  remediation  work  is  performed  and  the  site  is  left  unchanged.  Evaluation  of  this  general  response 
action  is  required  by  the  NCP. 

Institutional  Controls 

Minimal  actions  are  performed.  These  actions  may  include  legal  controls,  restrictions  on  future  land  use 

(e.g.,  deed  restrictions),  physical  barriers  to  prevent  public  access  to  contaminated  areas  (e.g.,  fences), 
and  long-term  monitoring. 
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In-Situ  Treatment 


Remedial  actions  are  performed  using  technologies  which  reduce  groundwater  contaminant  concentrations 
via  technologies  which  provide  for  the  treatment  of  groundwater  in-place  (e.g.,  air  sparging,  biological 
treatment,  treatment  barriers,  etc.). 

Collection/T  reatment/Discharee 

Actions  include  collection  of  contaminated  groundwater  followed  by  treatment  and  discharge.  Treatment 
options  to  be  considered  for  the  extracted  groundwater  include  biological,  chemical,  physical,  ^d  thermal 
technologies. 

Containment  of  Soil  Contaminants  Which  Are  a  Groundwater  Contaminant  Source 

A  response  action  which  would  reduce  the  potential  for  soil  contaminants  to  migrate  and  continue  to  act 
as  a  source  of  groundwater  contamination.  Containment  actions  would  include  capping  and/or  vertical 
barriers  to  prevent  the  migration  of  soil  contaminants.  As  previously  discussed,  the  June  1994  CMS 
report  provides  an  evaluation  of  remedial  action  alternatives,  including  containment  options,  for 
contaminants  in  the  LEAD  soils.  This  separate  CMS  report  should  be  referred  to  for  an  evaluation  of 
containment  options  for  the  LEAD  soil  contaminants. 

Removal  and  Treatment  and/or  Disposal  of  Soil  Contaminants  Which  Are  a  Groundwater  Contaminant 
Source 


A  response  action  which  would  prevent  soil  contaminants  from  acting  as  a  future  source  of  groundwater 
contamination.  As  previously  discussed,  the  June  1994  CMS  report  provides  an  evaluation  of  remedial 
action  alternatives,  including  treatment  technologies  and  disposal  options  for  contaminants  in  the  LEAD 
soils.  This  separate  CMS  report  should  be  referred  to  for  an  evaluation  of  treatment/disposal  options  for 
the  LEAD  soil  contaminants. 

9.4  DELINEATION  OF  CONT.V.MINATED  GROUNDWATER  AREAS 

Based  upon  the  results  of  the  risk  assessment  and  a  comparison  of  the  groundwater  analytical  results  to 
ARARs  and  site  background  concentrations,  areas  of  impacted  groundwater  have  been  identified  at 
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LEAD.  Figure  9-1  illustrates  the  LEAD  well  locations  where  chemicals  of  concern  were  identified  and 
the  respective  concentrations  of  these  chemicals. 

9.5  roENTIFICATION  AND  INITIAL  SCREENING  OF  TECHNOLOGIES 

Based  on  the  remedial  action  objectives  and  general  response  actions  developed  in  Sections  9.2  and  9.3, 
a  comprehensive  list  of  remedial  technologies  for  the  impacted  LEAD  groundwater  has  been  developed. 
As  discussed  m  Section  9.3,  the  general  response  actions  which  entail  containment,  removal,  or  treatment 
of  LEAD  soil  contaminants  have  already  been  addressed  in  a  separate  CMS  report  (USAEC,  June  1994). 
This  separate  CMS  report  should  be  referred  to  for  evaluations  of  these  general  response  actions.  These 
evaluations  are  not  repeated  in  this  report. 


Table  9-5  identifies  and  screens  technologies  for  the  impacted  LEAD  groundwater.  At  this  stage  of  the 
CMS  process,  the  technologies  are  preliminarily  screened  to  eliminate  those  which  are  not  expected  to 
achieve  the  remedial  action  objectives  or  are  considered  technically  infeasible  based  on  site-specific 
conditions  or  characteristics.  The  screening  comments  in  Table  9-5  provide  the  specific  rationale  used 
to  retain  or  eliminate  a  given  technology.  The  following  sections  provide  detailed  descriptions  of  the 

technologies/remedial  actions  which  were  retained  for  the  LEAD  groundwater  following  the  initial 
screening  process. 

9.5.1  No  Action 

The  National  Oil  and  Hazardous  Substances  Contingency  Plan  (NCP)  requires  that  "no  action"  be 
considered  during  the  feasibility  study  process  to  provide  a  baseline  for  comparing  all  other  remedial 
actions.  With  no  action,  no  effons  would  be  made  to  reduce  the  concentrations  of  contaminants  in  the 
LEAD  groundwater;  no  steps  would  be  taken  to  minimize  exposure  of  contaminants  to  humans  or  the 

environment;  and  no  attempt  would  be  made  to  monitor  the  future  migration  of  groundwater 
contaminants. 

9.5.2  Institutional  Controls/Ground  water  Monitoring 

Institutional  controls  are  activities  performed  at  a  site  which  serve  to  restrict  public  access,  prevent  future 
site  development  and/or  disposal  activities,  and/or  monitor  the  future  migration  of  site  contaminants. 
These  control  measures  provide  some  protection  of  human  health  and  the  environment  by  limiting  the 
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potential  for  tore  exposure  to  site  contaminants.  Restriction  of  public  access  may  be  accomplished  witt, 

the  use  of  warning  signs  and  perimeter  fencing.  Future  site  development  and/or  disposal  activities  may 

be  prevented  by  adding  restrictive  covenants  to  the  property  deed  or  enacting  local  ordinances. 

Monitoring  of  site  contaminants  may  be  accomplished  with  the  periodic  collection  and  analysis  of 
environmental  samples. 


9.5.3  CoUection,  Treatment,  and/or  Discharge  of  Impacted  Groundwater 
9-5.3. 1  Groundwater  Collectinn 


Extraction  Wells 


Extraction  wells  may  be  used  to  collect  impacted  groundwater  prior  to  treatment.  Extraction  wells  consist 
of  a  groundwater  well,  screened  at  the  appropriate  depth,  which  is  equipped  with  a  pump  for  the  recovery 
of  groundwater  from  the  well.  The  groundwater  collected  from  the  well  may  then  be  treated  on-  or  off¬ 
site  and  disposed  of  in  accordance  with  regulatory  requirements.  An  evaluation  of  the  site-specific 
hydrogeologic  conditions  is  necessary  to  determine  the  number  of  extraction  wells,  the  spacing  (distance) 
between  wells,  and  a  pumping  rate  which  will  facilitate  control  and  capture  of  groundwater  contaminants 
A  line  of  several  extraction  wells  may  be  installed  along  the  leading  edge  of  a  groundwater  contaminant 
plume  to  prevent  further  migration  of  groundwater  contaminants. 


Interceptor  Trenches 


Interceptor  trenches  are  subsurface  drainage  systems  designed  to  collect  or  redirect  the  flow  of 
groundwater.  The  systems  typically  consist  of  a  below-grade  zone  of  high  permeability,  such  as 
perforated  conduit  and/or  gravel,  which  are  used  to  control,  convey,  and/or  collect  groundwater 
Interceptor  trenches  are  well-suited  for  the  collection  or  control  of  shallow  groundwater  in  strata  with  low 
or  variable  hydraulic  conductivity.  Interceptor  trenches  can  also  be  installed  to  collect  groundwater  from 
significant  depths,  however,  shoring,  dewatering,  and/or  hard  rock  excavation  requirements  may  present 
significant  technical  challenges  and  result  in  prohibitively  high  installation  costs. 
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9.5.3.2 


Groundwater  Treatment 


Air  Stripping 

Air  stripping  is  a  mass-transfer  process  used  to  remove  volatile  organic  compounds  (V OCs)  from  liquid 
waste  streams  by  transferring  them  to  the  gas  phase.  Historically,  packed  towers  equipped  with  air 
blowers  have  been  used  to  transfer  VOCs  from  a  liquid  stream  to  a  gas  stream.  Most  towers  work  on 
the  principle  of  counter-current  flow,  whereby  the  water  stream  flows  down  through  the  tower  packing 
while  air  flows  upward  and  exits  the  top  of  the  tower.  More  recently,  shallow-tray  aerator  systems  have 
been  developed  to  treat  liquid  waste  streams  which  contain  VOCs.  The  shallow-tray  systems_operate  by 
passing  contaminated  water  through  a  series  of  perforated  trays  (frothing  beds)  while  air  is  blown  through 
the  trays  from  below.  Both  packed  towers  and  shallow  trays  have  proven  effective  in  removing  VOCs 
from  liquid  waste  streams. 

Filtration 

Filtration  is  a  physical  treatment  process  whereby  suspended  solid  particles  are  removed  from  an  aqueous 
stream.  Depth  filtration  is  one  of  the  most  common  filtration  methods.  In  depth  filtration,  liquid 
containing  typically  less  than  100  parts  per  million  (ppm)  of  suspended  solid  material  is  forced  through 
a  porous  medium.  The  solids  are  then  captured  and  retained  inside  the  medium.  The  types  of  porous 
media  available  to  capture  suspended  solid  material  include  granular-media  filters,  screen  filters  with  a 
precoat,  and  disposable  cartridge  filters. 

Carbon  Adsorption 


Granular-activated-carbon  adsorption  is  a  proven  technology  which  is  widely  used  in  the  treatment  of 
liquid  hazardous  waste  streams.  This  technology  is  effective  for  removal  of  a  broad  range  of  organic 
contaminants.  The  process  of  adsorption  onto  activated  carbon  is  implemented  by  allowing  the  liquid 
waste  stream  to  come  in  direct  contact  with  the  carbon,  usually  by  flow  through  one  or  a  series  of 
downflow,  fixed-bed  carbon  units.  The  carbon  units  may  be  connected  in  parallel  to  provide  increased 
hydraulic  capacity. 

During  the  carbon-adsorption  treatment  pri>cess.  hazardous  constituents  are  adsorbed  via  surface  attraction 
to  the  internal  pores  of  the  carbon  granules  The  molecular  polarities  of  the  contaminants  are  important 
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in  determining  the  effectiveness  of  carbon  adsorption,  as  more  polar  substances  are  less  effectively 
adsorbed  by  the  carbon  granules.  Water,  which  is  a  polar  molecule,  is  not  adsorbed  by  carbon.  Another 
factor  to  consider  in  determining  the  potential  effectiveness  of  carbon  adsorption  is  aqueous  solubility. 

More  hydrophobic  (insoluble)  substances  are  more  readily  adsorbed  onto  carbon  than  substances  which 
are  highly  soluble. 


When  the  micropore  surfaces  of  the  carbon  become  saturated  with  adsorbed  substances,  the  carbon  must 
be  replaced  with  virgin  or  thermally  regenerated  carbon.  The  length  of  operating  time  before  samration 
IS  the  most  critical  operating  parameter  for  carbon-adsorption  treatment  and  is  a  function  of  contaminant 
type  and  concentration.  Spent  carbon  replacement/disposal  or  regeneration  costs  contribute  significantly 
to  the  overall  cost  of  this  technology.  Carbon  adsorption  is  sometimes  used  in  combination  with  other 
treatment  technologies  such  as  chemical  treatment,  filtration,  or  air  stripping. 

Precipitation 

Chemical  precipitation  is  a  commonly  used  treatment  process  which  transforms  dissolved  species  in  liquid 
waste  streams  into  solid  settleable  particles  of  various  compounds.  The  most  common  precipitation 
application  is  for  the  removal  of  metals  from  water.  Other  anionic  species,  such  as  phosphates,  sulfates 
and  fluoride,  can  also  be  removed  by  chemical  precipitation. 

This  treatment  process  is  initiated  by  adding  a  precipitating  agent  to  the  waste  stream.  This  step  is 
followed  by  rapid  mixing  to  disperse  the  precipitating  agent,  then  slow  mixing  to  maximize  contact 
between  the  contaminant  and  the  precipitating  agent.  When  large  particles  are  not  formed,  such  as  in  the 
precipitation  of  metals,  polymers  are  added  to  cause  flocculation  of  metal  precipitates.  Finally,  the  floes 
are  allowed  to  settle  in  a  clarifier.  The  solids  can  then  be  removed  by  decantation,  filtration  or 
centrifugation.  A  large  volume  of  sludge  is  generated  from  the  precipitation/flocculation  process,  and 
the  sludge  ultimately  requires  disposal.  If  the  sludge  is  to  be  land  disposed,  it  may  require  treatment  by 
a  technology  such  as  stabilization/solidification  in  order  to  meet  land  disposal  restrictions  (LDRs). 

Ion  Exchange 


Ion  exchange  is  a  treatment  technology  where  contaminants  are  removed  from  water  through  the  exchange 
of  nontoxic  ions  from  an  lon-exchange  material.  Ion-exchange  materials  are  generally  synthetic  organics 
which  contain  ionic  functional  groups.  The  exchange  material  can  consist  of  natural  clays,  zeolites,  or 
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(most  commonly)  synthetic  resins.  The  synthetic  resins  can  be  tailored  to  selectively  remove  specific 
ions.  Specific  ion-exchange  systems  must  be  designed  on  a  case-by-case  basis.  Ion  exchange  can  be  used 
to  remove  cationic  and  anionic  elements  of  compounds,  including:  metals,  halides,  cyanides,  nitrates, 
sulfonics,  and  phenols. 

Reverse  Osmosis 


Reverse  osmosis  (RO)  is  an  aqueous  treatment  technology  designed  to  remove  dissolved  inorganic 
materials.  In  the  RO  treatment  process,  a  liquid  waste  stream  is  passed  through  a  semipermeable 
membrane  under  a  pressure  greater  than  the  osmotic  pressure  caused  by  the  dissolved  contaminants  in 
the  water.  Purified  water  passes  through  the  membrane,  and  contaminants  unable  to  pass  through  the 
membrane  are  retained  in  a  concentrated  solution  behind  the  membrane.  The  concentrated  waste  stream 
is  then  disposed  or  treated  further. 


In  treatment  of  hazardous-waste-contaminated  streams,  use  of  reverse  osmosis  would  be  primarily  limited 
to  polishing  low-flow  streams  containing  highly  toxic  contaminants.  The  main  limitation  to  RO  treatment 
is  that  organic  matter  and  low-solubility  salts  can  clog  the  membrane  surface,  thereby  reducing  the 
efficiency  of  the  process.  Wastewater  must  be  pretreated  to  remove  oxidizing  materials  such  as  iron  and 
manganese  salts,  filter  out  particulates,  adjust  pH  to  a  range  of  4.0  to  7.5,  and  remove  oil,  grease,  and 
other  materials  which  may  cause  fouling  of  the  membrane.  Pretreatment  of  the  wastewater  stream  could 
extend  the  life  of  the  membrane.  Contaminated  water  which  contains  high  concentrations  of  some 
organics  may  dissolve  the  membrane,  thus  limiting  its  applications  in  such  waste  streams. 

Ultraviolet  (UVi  Oxidation 

This  innovative  technology  uses  UV  radiation  and  ozone  {O3)  or  hydrogen  peroxide  (H2O2)  to  oxidize 
toxic  organic  compounds  in  water.  Typical  commercial  systems  consist  of  a  reactor  module,  and  an  air 
compressor/ozone  generator  module  or  a  hydrogen  peroxide  feed  system.  Ponable  systems  permit  on-site 
treatment  of  a  wide  variety  of  liquid  wastes. 

During  the  treatment  process,  influent  to  the  UV  Oxidation  reactor  is  simultaneously  exposed  to  UV 
radiation  and  ozone  or  hydrogen  peroxide  to  oxidize  the  organic  compounds.  Off-gas  from  the  reactor 
passes  through  an  ozone-destruction  unit,  which  reduces  ozone  levels  before  venting  to  the  air  ;  this  unit 
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also  destroys  gaseous  volatile  organic  compounds  stripped  off  in  the  reactor.  Effluent  from  the  reactor 
is  tested  and  analyzed  before  disposal. 


This  water-treatment  technology  is  gaining  considerable  attention  because,  in  contrast  to  air  stripping  or 

activated  carbon  treatment,  the  contaminants  treated  via  UV  oxidation  are  permanently  destroyed  and  are 
not  transferred  to  another  media. 

Incineration 


With  this  thermal  technology,  contaminated  site  media  are  treated  using  high-temperature  oxidation  to 
destroy  contaminants.  Contaminants  are  degraded  into  products  that  include;  COj,  HjO  vapors,  SO2, 
NO,,  HCL  gas,  and  ash.  The  hazardous  products  of  the  thermal  destruction/incineration,  such  as 
particulates,  SOj,  NO,,  HCL,  and  products  of  incomplete  combustion,  require  air-pollution-control 
equipment  to  prevent  release  of  undesirable  substances  into  the  atmosphere.  Thermal  destruction  is 
applicable  to  destroying  organic  contaminants  in  liquids,  gases,  and  solid  waste  streams.  Thermal 
treatment  is  not  effective  in  treating  heavy-metal  contaminants;  however,  some  metals  in  the  treatment 
stream  may  be  volatilized  during  the  incineration  process. 

Discharge/Disposal  of  Groundwater 


Following  treatment  by  any  of  the  technologies  described  in  Section  9.5.3.2  (except  incineration),  site 
aters  would  be  discharged  to  either  a  local  stream  or  a  Publicly  Owned  Treatment  Works  (POTW). 

Discharge  to  PQTW 

Treated  site  waters  would  be  collected  and  discharged  to  on-site  sanitary  sewers  which  flow  to  the  local 
POTW.  Permission  for  this  discharge  option  would  have  to  be  granted  by  the  receiving  POTW. 
Acceptance  of  the  wastewaters  would  likely  depend  on  the  available  capacity  of  the  local  POTW  and  the 
type  and  concentrations  of  residual  contaminants  present  in  the  treated  site  water. 

Discharge  to  Local  Streams 

Treated  site  waters  would  be  collected  and  discharged  to  a  stream  located  on  or  near  the  site.  Off-site 
discharges  would  require  a  KPDES  (Kentucky  Pollution  Discharge  Elimination  System)  permit.  It  is 
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kely  tot  mnseitt  discharge  limiutiom  (with  regard  u,  allowable  quantity  of  toxic  pollntants)  would  be 
«soc,ated  wtth  this  discharge  option.  The  following  would  have  to  be  monitored  to  assure  compliance: 
)  the  mass  of  each  pollutant.  2)  the  volume  of  effluent,  and  3)  the  frequency  of  discharge. 
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:  Risk  -  Based  Cleanup  Goab  lor  Residential  Exposure  to  Chemicals 
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TABLE  9-3 

CONCENTRATIONS  FOR  CHEMICALS  WHICH  WERE  DETECTED  IN  THE 
LEAD  GROUNDWATER  BACKGROUND  SAMPLES 


Chemical 

Background 

Concentration 

(u&L) 

DDT 

0.0275 

Aluminum 

7830 

1  Arsenic 

3J25 

!  Barium 

432 

Beryllium 

1.67 

j  Calcium  I 

171300 

1  Copper _ [ 

109.4 

Iron  ; 

6150 

Lead 

19.11 

Magnesium 

55600 

1  Manganese  ^ 

169.3  j 

!  Potassium 

12980 

il  Sodium  ! 

120000 i 

1  .  _ 

;  Zinc  i 

188.6  1 

Note:  Background  concentrations  presented  are  two  times  the  average  background 
concentrations  detected  on  site  as  per  USEPA  Region  IV  guidance. 


9-21 


9-22 


y  5  c  5 

£  o  X  M 
^  £ 
£0^1 
®  £  S  * 
•'  £  '  c 


If? 

li!f 

•  2^  a  « 

B  S  3  £ 
u,  •  «> 

o  r  *  « 

C  <5  *>  f- 

5lS| 

®  3  XI  * 

c  to  «o  s 


0^15# 

■C  •  O  J 
•  5  "O  TJ 

!Hf 

1^1  S 

*  *°  J  p 

•5  o  a  .o 

c  c  ®  -g 

5  >'  -S  •= 
o  *3  ^  c 


£  2? 
C  oi  - 

UJ  «  c 
d  «  ^  c 

<  J 


~  C  O  C 

■£  5  c  «  i  2 

”  ;  ?  I 

?  I  s  f  g“ 

.£  ?  3  o  £  5 

- 

c  i  s  =  ^  « 

o  «  ^  8  „  Sf 

f  M  >  “  J3  “ 

l6  §  £ 

c  •»  £  "D  c  X 

7  ^  •  £  £  « 

*  c  =  o  fe 

r  O  £  -»  r  *5 


-C  :=  ^  2  I 

o>  ID  >  r  E 


^  -C  ^ 

i5  ?  2  ! 


UJ  =  p  -  S  w 

“0  0  £  c  e.  C 

5£  S  f  5  8 

£  £  o  ?  £-° 

f  I  i  2  S  j 

X  «i  o  S 

'•-22*"  Q.“ 

E  £  I  *  5  5  S 
•  c  •  o  o  i 

w  £  i  a  £  fl  « 


•5  |g 

?  £4 

^  Ol  c  ^ 
O  *  2  i  s: 

^irf’  ®  5 

itiH 

lll^  I 

"O  E  0  £  5 

r  e  o  Sr  5 

l-gi  s  5. 

3  2  «  J  O 
C  t  e  2  >> 

Z  ®  «  >  c 

*  Ji  i  g 

O  “  £  Z  O 
Z  X  Js  X  © 
i  O)  u  •- 

£  ■?  -c  c  « 

»Z  -C  u  t>  s 

Jill 

«  r  •  a.  s 
X  4)  a  ®  •= 

^  2  J 

®  ^  -a  •  r 


^  'D  ^  C  c 
Q.  c  ^  *”  C 
•  13  •  r 
£  «  “•  S 

Isle'S 

—  5  «  J 


9-23 


I  s 
I  I 


3 

• 

6 

o 

s 


§1 
5  I 


11 

P 

9-  c 

<«  o 
>*  o 

?  § 


^  • 

"3  « 

f  1 


Q.  0 
<  OT 


"3  fl 

II 

O  3 
2 

<  Ol 


u 

s. 


3  I 

2  1 
«  3 


•  I 

4  s  ^ 
a-2  3 

t^s! 

nil 

2  u.  «  u 
•  .  w  U 

■O  JC  •  c 

sn®5 

ni5? 

Ip2l 


ifrif 

0  ~ 
a  .5 

2|| 
S’a  S-^  2 

9IS 

g  i 

1 1  “li 

II 

5f 

sJi  :i 

®cI>-2 

^  0  s  S  2 

fj  I 
81  S 


I 


±>  3 

%  » 
O 
£ 


oi  5 


J  J3 
2  ^  « 
^  I  % 

^  o  ? 

Q.  O 


2  “S  C 

S  J5  o 
2.  2 

?  »  .  2 
2  “-2  * 
o  o  5*  S 

C  ®  ^  T3 

i  §3  3 

i  S 
|3?  I 

O  -C  ^  o 

*  3  2  B 

Q  «  ®  flJ 
•.*01  ;= 

'  S  S  Q. 

§1^  I 
®  3  2  f 

19*? 

O 


l! 


5! 

=! 

si 

oi 


« a  o 

4  «  o» 

c  E 

5  3  S 

o>  O’  ^ 

■O  ®  § 

I  «  ^ 


h 

32 

I  3 


j  UJ 

2  2 
0  2 
9  C, 
0>  tf 

3  J 
-c  o 


1“’ 
o  c 
— 

:2  E 

S  2 

Q  is 


®  F 

a>  5 

IS  -2 

2  u) 


5  ^ 

Q.  1« 


2  § 
o»  a  ® 
5  flfl 

21  ? 
c  r 

«  O  13 
ecu 
«  o  3» 

2  O  2 
»“  1.2 
.  c  .a 


1  2  S 
1  5  § 

P  *-  -F 
«  <3  ^ 
s  ® 
2*0 

all 

(O  2  .2 
1  cn^ 
5  c  i 


2  §  o 


III 


3  2c 

2  i  o 


C  ^  a  i_ 

C  0  ’O  5 
3^22 

^  O  3>  ^ 

®  c  «  ? 

=  o  ^  i 
f !  ^  2 
11  ^ 


3  ?  « 

Jif 
2*  2  »  » 
IS  ^  -2 

2*  »  ®  3 

3  o  o  e 

Q.  X  C  Q_ 

c/>  £  c  c 

2  2  I 

<  a  a  u 


^1 

•ai 

Ol 


II 


9-24 


Iron  7910 
Honoancst  626 
1 ,2-Dichloro€th€ftt  34 


MW-llgg 

Iron  9170 

Han pan tse  727 


MW-llg4 

I  Httngones*  1680 


Mw-oa 

Monpanrsa 

- r 


MM-4Z 


A luni nun 

Iron 

Lead 

Manganese 

Mercury 


A  tun  inun 
Ant inony 
Arsen  Ic 
Iron 
Lead 

Manganese 


22900 

63 

10.8 

31200 

101 

1000 


MW-03 

Mercury  0 . 


1  iSi=£D.  1 

Aluninun 

87600 

Bar  tun 

911 

Beryl  1 lun 

36.5 

Benzene 

33 

Chron tun 

273 

Iron 

111000 

Lead 

470 

Manganese 

17000 

Mercury 

0.174 

Nickel 

152 

— iKfl,, 

Mw-ioai 

Cadn  tun  7.22 

Iron  8940 

Mangoinese  342 


Alun  I  nc( 
Arsen  t  c 
Cadn  t  ur 
Chron  i  u 
Copper 
Iron 
Lead 


I  uni  nun 


adn I un 


nroniun 


opper 


HM=1I 


138000 


angonese 


MW-39fl 

Aluninun 

94800 

Arsen  ic 

25 

Bar  1 un 

849 

Chroniun 

210 

Iron 

102 

Lead 

180 

Manganese 

830000 

Mercury 

0.299 

Nicke ( 

189 

Zinc 

1470 

Mw-ag 

Aluninun 

9040 

Bar lun 

807 

Iron 

18100 

Manganese 

1240 

Vinyl  Chloride  150; 

)/S3t± 

Arsen  I c  4 

Manganese 
Mercury  0 . 


MW-aan 

Aluninun 

270000 

Bor lun 

1330 

Benzene 

6.9 

Beryl  1 lun 

88.3 

Chroniun 

119 

Copper 

237 

Iron 

36400 

Mognes i un 

580000 

Mercury 

0.76 

Nickel 

499 

J£ 

Han  gone 


CHEMICALS  OF  ( 


IN  THE  LBAC 


Metcalf  Sc  Eddy 

;als  of  concern  indentified 

THE  LBAD  GROUNDWATER 

FIGURE:  9-1 


10.0  DEVELOPMENT  AND  SCREENING  OF  ALTERNATIVES 
10.1  INTRODUCTION 

R^ial  action  alten^tives  ^present  the  various  approaches  which  can  be  uken  to  achieve  remediation 

sue  comannt^.  These  alternatives  are  developed  to  provide  a  basis  for  the  evaluation,  comparison 

a»i  select, on  of  a  r«ne<hal  action  plan.  In  this  section,  remedial  alternatives  for  the  impacted  LBAD 

grou^water  are  developed,  evaluated,  ami  screened  against  a  common  set  of  criteria.  The  alternatives 

Wine  pass  the  screening  process  are  then  combined  to  form  a  set  of  alternatives  which  wii,  be  evaiu^^ 
in  detail  in  Section  11.0. 


no  hT  ?  ““  repof  do 

address  the  contaminants  in  the  LBAD  soils  which  may  be  acting  as  a  source  of  the  LBAD 

groundwmer  contanunation.  An  evaluation  of  contaminant,  removal,  and  treamtent  alternatives  for  the 

—  LBAD  soiB  has  already  be«t  addressed  in  a  sepamte  CMS  report  which  was  submitted  to  the 

^-ddia, 

that  ■  ‘■"'“wed  with  the  understanding 

of  thT^'”'’  "“y  ^ 

foe  LBAD  groundwater,  have  been  evaluated  in  a  sepmafo  document  which  is  currently  under  review 

by  U.S.  Army,  U.S.  EPA,  and  State  of  Kentucky  representatives. 

The  preliminary  list  of  potential  remedial  actions  and  technologies  presented  in  Section  9.0  (Table  9-5) 
IS  t  e  stantng  potnt  from  which  remedial  alternatives  are  developed.  Table  10-1  summarizes  the  remedial 

^ttons  and  groundwater  treatment  technologies  from  Sectio„9.0which  were  remined  forfotfo„ 

revtew  0  Table  10-1  tndteates  that  several  treatment  options  for  foe  impacted  LBAD  groundwater  have 

een  retatned  for  forther  analysis.  In  Seetton  10.2,  these  treatment  options  are  evaluated  based  on  their 

anttepated  effeettveness.  itnplementability.  and  relative  cost  to  select  one  or  more  options  (or  combination 
or  options)  considered  most  appropriate. 

Following  the  screening  of  groundwater  treatment  options  in  Section  10.2,  remedial  alternatives  are 
presented,  evaluated,  and  screened  in  Section  10.3.  Alternatives  passing  the  screening  process  in  Section 
0.3  are  then  combined  to  provide  a  set  of  alternatives  for  foe  LBAD  groundwater  which  are  retained 
for  detailed  evaluation  and  analysis  in  Section  II.O.  The  three  criteria  against  which  the  treatment 
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options  and  remedial  alternatives  are  evaluated  in  Sections  10.2  and  10.3,  include  effectiveness, 
implementability,  and  cost.  Each  of  these  criteria  is  composed  of  one  or  more  factors  as  discussed  below: 

Effectivenes.s 


The  potential  effectiveness  of  process  options  in  handling  the  estimated  areas  or  volumes 
of  impacted  environmental  media  and  meeting  remediation  goals,  including  ARARs. 

•  The  potential  impacts  to  human  health  and  the  environment  during  the  construction  and 
implementation  phases. 

•  How  proven  and  reliable  the  process  is  with  respect  to  the  contaminants  and  conditions 
at  the  site. 

Implementability 


•  The  technical  feasibility  of  implementing  a  given  remedial  action  at  the  site. 

•  The  administrative  feasibility  of  implementing  a  given  remedial  action,  including  the 

ability  to  obtain  permits;  the  availability  and  capacity  of  off-site  treatment,  storage,  and 
disposal  facilities;  and  the  availability  of  equipment  and  skilled  workers  to  implement  the 
technology. 

Cost 

•  Determination  of  relative  capital  and  O&M  costs  (i.e.,  high,  medium,  or  low)  based  on 
engineering  judgement. 

It  should  be  noted  that  the  Superfund  Amendments  and  Reauthorization  Act  of  1986  (SARA),  under 
whose  guidelines  this  CMS  is  being  prepared,  identifies  some  factors  that  must  be  considered  during  the 
alternatives  evaluation  and  screening  process.  Statutory  preference  under  SARA  is  given  to  alternatives 
that  employ  source  control;  offer  permanent  solutions;  reduce  toxicity,  mobility,  or  volume  of 

contaminants;  and/or  use  an  innovative  treatment  or  resource  recovery  technology.  Options  discouraged 
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under  SARA  include  off-rite  dirporal  of  wastes  without  treatment,  and  land  disposal  in  general.  SARA 
also  requires  that  a  no-action  alternative  be  considered  in  the  screening  process. 

The  goal  of  the  screening  process  in  Section  10.3  is  to  reduce  the  number  of  candidate  alternatives  to  be 
evaluated  m  detail.  The  most  promising  alternatives  are  those  that  are  protective  of  human  health  and 
•he  environment  and  represent  the  best  balance  of  the  effectiveness,  implementability,  and  cost  criteria 
in  Itght  of  SARA’S  statutory  preferences.  In  applying  the  screening  criteria,  those  alternatives  detenuined 
to  be  inadequately  protective  of  public  health  and  the  environment  or  to  have  serious  obstacles  to 
linplemenutton  are  eliminated  from  further  consideration.  Cost  is  employed  mainly  to  discriminate 
between  alternatives  offering  simUar  levels  of  public-health/environmental  protectiveness. 


10.2  SCREENING  OF  TREATMENT  OPnONS  FOR  IMPACTED  GROUNDWATER 


Table  10-1  indicates  that  numerous  treatment  technologies  are  being  considered  for  the  LEAD 
groundwater.  The  purpose  of  this  section  is  to  review  and  evaluate  these  groundwater  treatment 
technologies  based  on  their  effectiveness,  implementability.  and  relative  costs.  The  results  of  the 
evaluation  are  then  used  to  determine  which  technologies,  or  combination  of  technologies,  will  be  retained 
for  incorporation  into  a  set  of  remedial  action  alternatives  for  the  impacted  LEAD  groundwater. 


Metals  (aluminum,  antimony,  arsenic,  barium,  betyllium,  cadmium,  chromium,  copper,  iron,  lead, 
manganese,  mercury,  nickel,  thallium,  and  zinc)  and  volatile  organic  constiments  (benzene  and  vinyl 
chlonde)  have  been  identified  as  the  chemicals  of  concern  in  the  LEAD  groundwater.  Eased  on  the 
results  of  the  treatment  option  evaluations  in  Table  10-2,  the  following  groundwater  treatment 
technologies  have  been  retained  for  further  evaluation: 


•  Filtration 

•  Ion  Exchange 

•  Air  Stripping 

As  noted  in  Tabie  10-2,  incineration,  carbon  adsorption,  ultraviolet  (UV)  oxidation,  precipitation,  and 
reverse  osmosis  are  the  treatment  options  which  were  eliminated  from  further  evaiuation  for  the  LEAD 
groundwater.  Incineration  treatment  was  eliminated  from  further  consideration  because  treatment  of  water 
via  incineration  is  a  very  energy  intensive  (and  therefore  very  expensive)  treatment  option  which  provides 
no  noteworthy  advantages  over  air  stripping  treatment,  which  is  much  less  expensive.  Furthermore. 
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incinemion  trealmem  may  pose  aigniHcam  admiMa.ra.iva  difflcuiliaa  haacd  on  die  pnblic’a  ganeml 
opposition  to  incineration  treatment. 


Carbon  adsorption  was  eiiminated  from  ftrrrhar  conaiderarion  bacauaa  i.  ia  generally  ineffective  for  the 
recovery  of  vinyl  chloride,  which  is  a  chemicai  of  concern  in  the  LEAD  groundwater.  Furthermore 
carbon  adsorption  treannent  ia  considered  leas  deairabie  dmn  air  stripping  freannen.  because  of  Ute  higher 
operating  costs  associamd  wifli  die  mmoval  and  repla^nt  of  spent  carbon  uniri.  Operating  costs  are 
considered  a  significant  evaluation  factor  because  i,  is  andcipaled  that  treannen,  of  dte  LEAD 
groundwater  may  be  required  over  a  period  of  several  years. 

uv  oxidarion  is  anodmr  treatment  process  for  the  organic  contaminants  in  the  LEAD  groundwater  which 
was  elmunated  from  further  consideration.  UV  oxidation  is  a  relatively  new  treatment  technology  which, 
ime,  is  not  well  proven  and  has  a  higher  capital  cost  when  compared  with  air  stripping  treatment 
Furthermore,  the  operating  cosri  for  UV  oxidation  treannent  are  expecmd  to  be  higher  than  those 
assocmted  with  operation  of  an  air  stripper  due  to  the  cosri  associated  widi  the  ozone-source  chemicals. 


Precipitation  and  reverse  osmosis  are  two  treatment  technologies  which  were  eliminated  from  further 

consideration  for  die  treatmem  of  metals  in  the  LEAD  groundwater.  Precipitation  was  eliminated  because 

the  sludge  material  generated  as  a  result  of  the  precipimtion  treatment  process  will  require  additional 

treatment  and  disposal.  The  quantity  of  residual  sludge  material  is  expected  to  be  significandy  greater 

than  the  amount  of  residuals  which  result  from  filtration  or  ion  exchange  treatment.  Furdtermore,  the 

one-step  filtration  and  ion  exchange  treannent  systems  are  easier  to  install  and  maintain  when  compared 

with  a  precipitation  treatment  system  which  involves  several  steps  (mixing,  flocculadon, 

sepatation/sedimentation).  Finally,  reverse  osmosis  was  eliminated  as  a  treatment  technology  for  metals 

m  the  LEAD  groundwater  because  this  technology  is  not  well-proven  or  widely  used  for  the  freatment 

of  hazardous  wastes.  Furdiermore.  reverse  osmosis  units  are  considered  highly  subject  to  chemical 
attack,  fouling,  and  plugging. 


10.3  DEVELOPMENT  AND  SCREENING  OF  ALTERNATIVES 


In  this  section,  the  results  of  ihe  identification  and  initial  screening  of  technologies  presented  in  Section 
9.5  and  the  results  of  the  treatment-option-screening  process  in  Section  10.2  are  used  to  develop  a  list 
of  alternatives  for  the  impacted  LEAD  groundwater.  Table  10-3  provides  a  list  of  die  four  remedial 
alternatives  developed  for  ihe  LEAD  groundwater.  Table  10-3  also  includes  an  evaluation  of  these  four 


10-4 


alternatives  based  on  their  anticipated  effectiveness,  implementability,  and  relative  costs.  Based  on  this 
evaluation,  the  following  three  remedial  alternatives  have  been  retained  for  the  LEAD  groundwater: 


Alternative  I  -  No  Action 

Alternative  II  -  Institutional  Controls/Long-Term  Monitoring 
Alternative  III  -  Groundwater  Treatment 

As  presented  and  explained  in  Table  10-3,  remedial  Alternative  IV  was  eliminated  from  further 

consideration.  Alternative  IV  was  identical  to  Alternative  ffl  with  the  noted  exception  that  an  interceptor 

trench  was  proposed  for  groundwater  collection  as  opposed  to  the  extraction  wells  which  are  included 

under  Alternative  IH.  As  discussed  in  Table  10-3,  extraction  wells  are  preferred  over  the  interceptor 

trench  approach  for  the  collection  of  groundwater  because  the  extraction  wells  can  be  installed  at  a  much 

lower  cost  and  the  interceptor  trench  does  not  provide  any  noteworthy  advantages  over  the  extraction 
wells. 

Based  on  the  results  of  the  alternative  development  and  screening  process,  the  three  alternatives  noted 
above  will  be  the  subject  of  a  detailed  analysis  and  evaluation  in  Section  11.0. 
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TABLE  10-1 


LIST  OF  LBAD  GROUNDWATER  REMEDIAL  ACTIONS  AND  TECHNOLOGIES 
WHICH  HAVE  BEEN  RETAINED  FOR  FURTHER  EVALUATION 


No  Action 

Institutional  Controls/Long-Term  Monitoring 

Collection  Via  Extraction  Wells  or  Interceptor  Trenches 
Followed  by  On-Site  or  Off  Site  Treatment 
Using  One  or  More  Technologies: 

•  Air  Stripping 
•  Filtration 

•  Precipitation 

•  Ion  Exchange 

•  Reverse  Osmosis 
•  Carbon  Adsorption 
•  Ultraviolet  (UV)  Oxidation 

•  Incineration 
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11.0  DETAILED  ANALYSIS  OF  REMEDIAL  ALTERNATIVES 


11.1  INTRODUCTION 

The  remedial  alternatives  for  the  LEAD  groundwater  which  were  retained  from  the  Section  10.0 
screening  process  for  detailed  analysis  in  Section  11.0  are  presented  below: 


Alternative  I  -  No  Action 

Alternative  II  -  Institutional  Controls/Long-Term  Monitoring 

Alternative  III  -  Groundwater  Treatment 


To  select  the  most  appropriate  remedial  alternative  for  the  LEAD  groundwater,  the  candidate  alternatives 
are  evaluated  and  compared  in  terms  of  the  following  nine  criteria: 


Overall  Protection  of  Human  Health  and  the  Environment  ~  Involves  an  assessment  based 
on  a  composite  of  factors  addressed  under  other  evaluation  criteria,  including  long-term 
effectiveness  and  permanence,  short-term  effectiveness,  and  compliance  with  ARARs. 

Compliance  with  ARARs  -  Assesses  the  compliance  of  an  alternative  with  all  chemical- 
specific,  action-specific,  and  location-specific  ARARs.  Listings  of  potential  ARARs  for 
the  LEAD  groundwater  are  presented  in  Appendix  T. 

Long-Term  Effectiveness  and  Permanence  -  Examines  the  protection  of  human  health 
and  the  environment  after  construction  and  implementation  of  the  remedial  alternative. 
This  criterion  addresses  the  long-term  adequacy,  reliability,  and  permanence  of  the 
remedial  alternative  and  the  magnitude  of  the  risk  posed  by  treatment  residuals  and/or 
untreated  wastes. 

Reduction  of  Toxicity.  Mobility,  and  Volume  Through  Treatment  —  Examines  the  extent 
to  which  the  remedial  alternative  achieves  the  statutory  preference  for  remedial  actions 
which  permanently  and  significantly  reduce  the  toxicity,  mobility,  and  volume  of 
contaminants. 


Shon-Term  Effectiveness  -  Examines  the  protection  of  the  community,  worker  health, 
and  environment  during  construction  and  implementation  of  the  remedial  alternative. 
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This  criterion  also  evaluates  the  time  required  to  implement  the  alternative  and  achieve 
remedial  action  objectives. 

•  Implementabilitv  --  Considers  the  technical  and  administrative  feasibility  of  each 
alternative,  as  well  as  availability  of  required  resources.  Factors  considered  in  assessing 
this  criterion  include:  construction,  reliability,  operation,  and  maintenance  of  the 
remedial  alternative;  potential  problems  which  may  be  encoimtered  during  the 
implementation  of  an  alternative;  required  approvals  and  permits  from  regulatory 
agencies;  availability  of  required  off-site  treatment  or  disposal  services;  and  availability 
of  necessary  equipment,  materials,  and  personnel. 

•  Cost  -  Involves  development  and  evaluation  of  the  capital  cost  of  construction, 
equipment,  land,  buildings,  engineering  services,  and  project  administration,  and 
operation  and  maintenance  (O&M)  costs  of  labor,  spare  parts,  materials,  utilities,  and 
administration.  In  addition,  the  present  worth  of  annualized  costs  associated  with  each 
alternative  are  calculated  using  an  annual  discount  rate  of  5  percent  before  taxes  and  after 
inflation.  Costs  are  then  compared  on  a  common,  present-worth  basis  in  terms  of  1994 
dollars.  The  level  of  detail  employed  in  developing  these  estimates  is  considered 
appropriate  for  making  choices  between  alternatives,  but  the  estimates  are  not  intended 
for  use  in  budgetary  planning. 

•  State  Acceptance  -  Identifies  the  State’s  apparent  preference  or  concerns  about  the 
alternatives. 

•  Community  Acceptance  -  Identifies  the  community’s  apparent  preferences  or  concerns 
about  the  alternatives. 

The  following  sections  provide  detailed  and  comparative  analyses  of  the  remedial  alternatives  for  the 
impacted  LEAD  groundwater.  These  analyses  will  assist  in  the  selection  of  a  preferred  alternative  for 
the  LEAD  groundwater  which  represents  the  best  balance  of  the  nine  evaluation  criteria. 

As  noted  throughout  Section  9.0,  the  remedial  action  alternatives  which  are  evaluated  in  this  report  do 
not  address  the  contaminants  in  the  LEAD  soils  which  may  be  acting  as  a  source  of  the  LEAD 
groundwater  contamination.  An  evaluation  of  contaminant  removal  and  treatment  alternatives  for  the 
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impacted  LBAD  soils  has  already  been  addressed  in  a  separate  CMS  report  which  was  submitted  to  the 
U.S.  Army  in  June,  1994  (USAEC,  June  1994).  Consequently,  the  LBAD  groundwater  remedial 
alternatives  presented  in  this  section  should  be  reviewed  with  the  understanding  that  containment, 
removal,  and  treatment  actions  for  the  impacted  LBAD  soils  which  may  be  a  source  of  the  LBAD 
groundwater  have  been  evaluated  in  a  separate  document  which  is  currently  review  by  U.S.  Army,  U.S. 
EPA,  and  State  of  Kentucky  representatives. 

11.2  ALTERNATIVES  ANALYSIS 

11.2.1  Alternative  I  -  No  Action 

11.2.1.1  Description 

Under  this  alternative,  no  remedial  actions  would  be  performed  to  remediate  the  LBAD  groundwater. 
No  efforts  would  be  undertaken  to  contain,  remove,  monitor,  or  treat  the  groundwater  contaminants. 
Evaluation  of  the  no-action  alternative  provides  a  baseline  against  which  action  alternatives  can  be 
compared  and  evaluated. 

11.2.1.2  Overall  Protection  of  Human  Health  and  the  Environment 

The  no-action  alternative  is  not  considered  to  provide  adequate  overall  protection  of  human  health  and 
the  environment  because  of  the  anticipated  adverse  long-term  impacts  and  failure  to  meet  ARARs. 

11.2.1.3  Compliance  with  ARARs 

With  the  noted  exception  of  possible  natural  biological  degradation  of  groundwater  contaminants,  the  no¬ 
action  alternative  does  not  provide  for  any  reduction  in  contaminant  concentrations.  Consequently, 
violations  of  Federal  MCLs  and  State  action  levels  for  groundwater  contaminants  are  expected  to 
continue,  and  reduction  of  contaminant  concentrations  to  cleanup  goal  levels  (see  Section  9.2)  may  not 
be  achieved  under  the  no-action  scenario. 
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11.2.1.4 


Long-Term  Effectiveness  and  Permanence 


The  no-action  alternative  is  considered  to  provide  inadequate  long-term  effectiveness  and  permanence. 
Based  on  the  results  of  the  risk  assessment  completed  for  the  LBAD  groundwater  and  the  cleanup  goals 
developed  in  Section  9.2  of  this  report,  Alternative  I  will  leave  unacceptable  concentrations  of 
contaminants  in  the  LBAD  groundwater.  None  of  the  existing  contaminant  exposure  pathways  would  be 
eliminated  under  the  no-action  scenario. 

11.2.1.5  Reduction  of  Toxicity.  Mobility,  and  Volume 

Because  site  contaminants  would  not  be  treated  under  the  no-action  alternative,  no  reduction  in 
contaminant  toxicity,  mobility,  or  volume  would  be  achieved. 

11.2.1.6  Short-term  Effectiveness 

The  absence  of  remedial  actions  under  the  no-action  alternative  indicates  that  no  short-term  impacts  to 
the  community  or  the  environment  would  occur  during  implementation. 

11.2.1.7  Implementabilitv 

There  are  no  construction-related  implementation  considerations  associated  with  Alternative  1. 
Administratively,  the  no-action  alternative  would  be  difficult  to  implement  based  on  the  continued  Federal 
MCL  and  State  of  Kentucky  Water  Quality  Criteria  value  exceedances  and  the  human  health  risks 
associated  with  the  existing  groundwater  contaminant  concentrations.  The  administrative  feasibility  of 
Alternative  I  is  further  diminished  by  the  availability  of  viable  treatment  alternatives. 

11.2.1.8  Cost 


No  direct  costs  are  associated  with  the  no-action  alternative.  However,  costs  associated  with  future 
environmental  liabilities  could  be  substantial  if  no  actions  are  performed  to  reduce  the  groundwater 
contaminant  concentrations  or  eliminate  contaminant  exposure  pathways. 
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11,2.1.9 


State  Acceptance 


Due  to  failure  to  meet  ARARs,  State  acceptance  of  the  no-action  alternative  is  not  expected. 

11.2.1.10  Community  Acceptance 

Community  acceptance  of  the  no-action  alternative  is  not  anticipated  for  the  reason  discussed  above  under 
State  Acceptance. 

11.2.2  Alternative  II  -  Institutional  Controls/Long-Term  Monitoring 

11.2.2.1  Description 

Under  Alternative  II,  the  use  of  LEAD  groundwater  as  a  drinking  water  supply  would  be  prohibited. 
Deed  restrictions  would  be  placed  on  the  LEAD  property  to  help  ensure  that  the  groimdwater  is  not  used 
as  a  drinking  supply  in  the  future.  This  alternative  also  includes  the  long-term  monitoring  of  groundwater 
on-  and  off-base  to  determine  the  migration  of  the  contaminant  plume  and  concentrations  of  groundwater 
contaminants.  If  the  groundwater  monitoring  results  indicate  that  the  contaminant  concentrations  are 
increasing  significantly  or  the  contaminant  plume  is  migrating  off-base,  additional  remedial  actions  which 
will  facilitate  a  reduction  in  groundwater  contaminant  concentrations  (i.e.,  extraction  and  treatment  of 
groundwater)  may  be  undertaken. 

11.2.2.2  Overall  Protection  of  Human  Health  and  the  Environment 

The  institutional  controls  alternative  would  provide  protection  of  human  health  by  eliminating  the  human 
exposure  pathways  associated  with  the  drinking  of  impacted  LEAD  groundwater.  However,  due  to  the 
absence  of  any  groundwater  treatment  actions  under  Alternative  II,  the  potential  for  further  migration  of 
groundwater  contaminants  will  continue  if  Alternative  II  is  implemented. 

11.2.2.3  Compliance  With  ARARs 

Initially,  Alternative  II  is  not  expected  to  comply  with  ARARs  due  to  exceedances  of  Federal  MCLs  and 
State  of  Kentucky  Water  Quality  Criteria  for  contaminants  in  the  groundwater.  However,  prohibiting  the 
future  use  of  site  groundwater  as  a  drinking  water  source  may  render  these  ARARs  inapplicable. 
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Furthermore,  natural  attenuation  of  the  LEAD  groundwater  contaminants  may  result  in  the  reduction  of 
some  groundwater  contaminant  concentrations  (particularly  organic  constituents)  to  levels  which  will 
comply  with  these  criteria.  Continued  monitoring  of  the  site  groundwater  will  help  determine  if  future 
compliance  with  drinking  water  standards  is  achieved. 

11.2.2.4  Long-Term  Effectiveness  and  Permanence 

The  institutional  controls  alternative  will  provide  a  moderate  degree  of  long-term  effectiveness  and 
permanence.  No  actions  would  be  taken  to  reduce  the  LEAD  groundwater  contaminant  concentrations 
under  Alternative  H;  however,  preventing  the  future  use  of  site  groundwater  as  a  drinking  water  source 
should  eliminate  the  human  exposure  pathway  associated  with  the  ingestion  of  site  groundwater.  Long¬ 
term  monitoring  of  the  groundwater  will  help  evaluate  the  long-term  effectiveness  and  permanence  of  this 
alternative. 

11.2.2.5  Reduction  of  Toxicity.  Mobility,  and  Volume  Through  Treatment 

Site  contaminants  will  not  be  treated  under  Alternative  II;  therefore,  no  reduction  in  contaminant  toxicity, 
mobility,  or  volume  will  be  achieved. 

11.2.2.6  Short-Term  Effectiveness 

The  remedial  actions  performed  under  Alternative  II  will  not  present  any  risks  to  the  surrounding 
community  or  environment  during  implementation.  Site  workers  would  wear  the  appropriate  PPE  during 
groundwater  sampling  activities  to  reduce  their  potential  for  exposure  to  chemicals  in  the  groundwater. 
For  the  purposes  of  this  report,  the  time  period  over  which  the  institutional  controls  will  be  implemented 
or  enforced  (groundwater  monitoring  and  deed  restrictions)  is  assumed  to  be  30  years. 

11.2.2.7  Implementabilitv 

There  are  no  construction-related  impacts  associated  with  the  implementation  of  Alternative  II. 

Administratively,  the  implementation  of  this  alternative  may  be  difficult  based  on  statutory  preferences 
for  alternatives  which  provide  for  treatment  of  site  contaminants  and  the  fact  that  exceedances  of  drinking 
water  standards  for  contaminant  concentrations  in  the  groundwater  would  continue. 
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11.2.2.8 


Cost 


Table  11-1  provides  a  breakdown  of  the  costs  associated  with  the  implementation  of  Alternative  II.  The 
total  net  present  worth  cost  to  implement  Alternative  II,  assuming  groundwater  monitoring  activities 
would  continue  for  30  years,  is  estimated  to  be  $388,940. 

11.2.2.9  State  Acceptance 

This  criterion  will  be  addressed  after  the  State  of  Kentucky’s  comments  on  this  RFI/CMS  report  have 
been  received. 

11.2.2.10  Community  Acceptance 

This  criterion  will  be  addressed  after  community  comments  on  the  remedial  alternatives  presented  in  this 
RFI/CMS  report  have  been  received. 

11.2.3  Alternative  HI  -  Groundwater  Treatment 

11.2.3.1  Description 

Under  Alternative  III,  impacted  LEAD  groundwater  would  be  collected,  treated  to  reduce  the 
concentrations  of  organic  and  inorganic  contaminants,  and  discharged  to  on-site  streams  or  the  local 
POTW .  The  proposed  treatment  process  for  the  collected  groundwater  would  include  filtration  and  ion 
exchange  to  remove  metals  and  air  stripping  to  remove  volatile  organic  contaminants  With  respect  to 
the  two  treatment  technologies  for  metals,  filtration  is  appropriate  for  the  removal  of  undissolved  metals 
and  ion  exchange  is  appropriate  for  the  removal  of  dissolved  metals.  Presently,  the  relative  amounts  of 
dissolved  and  undissolved  metals  in  the  LEAD  groundwater  are  unknown;  therefore.  Alternative  II 
includes  additional  sampling  of  the  LEAD  groundwater  as  a  part  of  the  remedial  design  phase  to 
determine  the  relative  concentrations  of  dissolved  and  undissolved  metals.  In  the  event  that  the  sample 
analysis  results  indicate  the  majority  of  the  metals  in  the  groundwater  are  dissolved,  ion  exchange 
technology  may  be  used  exclusively  for  metals  removal.  Alternatively,  if  the  sample  analysis  results 
indicate  that  the  majority  of  the  metals  are  undissolved,  the  filtration  technology  may  be  used  exclusively 
for  metals  removal. 
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With  respect  to  the  treatment  of  organic  contaminants  in  the  groundwater  via  air  stripping,  preliminary 
estimates  of  the  organic  concentrations  in  the  air  stream  which  exits  the  air  stripper  (see  Appendix  U) 
indicate  that  the  organic  concentrations  will  be  well  below  levels  which  require  treatment,  based  on  State 
of  Kentucky  Air  Quality  Regulations.  The  air  stripper  off-gas  will  be  monitored  during  operation  of  the 
treatment  system  to  ensure  that  organic  concentrations  in  the  gas  stream  are  consistent  with  these 
preliminary  estimates,  and  the  regulatory  limits  are  not  exceeded.  If  necessary,  the  air  stripper  could  be 
equipped  with  a  carbon  adsorption  unit  or  catalytic  oxidation  unit  to  reduce  the  concentrations  of  organics 
in  the  exit  gas  prior  to  discharge  to  the  atmosphere. 

Treatment  residuals  from  the  proposed  groundwater  treatment  process  would  include  solids  collected  in 
the  filters;  ion  exchange  units  which  have  reached  full  capacity;  the  treated  water;  and,  possibly,  carbon 
adsorption  units  (in  the  event  that  treatment  of  the  air  stripper  off-gas  is  necessary).  Assuming  that  the 
collected  filter  solids  are  not  classified  as  a  hazardous  waste  (based  on  TCLP  testing),  the  solids  will  be 
disposed  of  off-site  at  a  solid  waste  landfill.  The  spent  ion  exchange  units  will  be  disposed  of  or 
recharged  off-site  in  accordance  with  regulatory  requirements.  The  treated  water  may  be  disposed  of  off¬ 
site  at  the  local  POTW  or  discharged  directly  to  on-site  streams.  If  carbon  adsorption  units  are  used,  the 
units  will  be  recharged  off-site  once  they  have  reached  fiill  capacity. 

Figure  11-1  presents  the  potential  locations  for  the  groundwater  extraction  wells  and  an  estimated  radius 
of  influence  for  each  well  during  pumping.  The  extraction  well  locations  indicated  on  Figure  11-1  were 
preliminarily  selected  to  facilitate  recovery  of  impacted  groundwater  based  on  available  analytical  and 
hydrogeologic  data  for  the  site.  It  should  be  noted  that  the  available  hydrogeologic  data  are  considered 
insufficient  to  definitively  determine  the  optimal  location  and  radius  of  influence  for  each  extraction  well. 
Additional  investigations  (e.g.,  pump  tests)  will  be  required  during  the  remedial  design  phase  of  this 
project  to  establish  the  best  location  and  the  actual  radius  of  influence  for  each  well. 

Under  Alternative  III,  the  pumps  which  are  installed  in  the  extraction  wells  for  the  recovery  of 
groundwater  would  be  controlled  by  water  level  switches.  These  switches  will  prevent  the  operation  of 
the  well  pumps  when  the  water  level  in  the  well  falls  below  a  preset  elevation.  Each  of  the  five 
extraction  wells  will  be  connected  to  a  separate  treatment  system.  Based  on  available  analytical  results, 
all  extracted  groundwater  will  require  treatment  for  the  removal  of  metals.  However,  the  groundwater 
collected  from  extraction  wells  EW-1  and  EW-5  will  not  be  treated  for  the  removal  of  volatile  organic 
compounds  based  on  the  absence  of  these  compounds  in  the  nearby  wells.  Therefore,  the  groundwater 
treatment  systems  for  wells  EW-1  and  EW-5  will  not  include  an  air  stripper. 
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All  five  treatment  systems  will  include  an  equalization  tank  for  the  collection  of  extracted  groundwater. 
Level  switches  in  the  equalization  tanks  will  control  the  flow  of  water  which  exits  the  fankg  and  enters 
the  treatment  systems.  These  level  switches  will  activate  a  transfer  pump  which  transfers  from  the  tank 
to  the  treatment  system  when  the  tank  is  almost  full  and  deactivate  the  transfer  pump  when  the  tank  is 
almost  empty.  This  design  will  facilitate  groundwater  treatment  in  a  batch  mode  operation  at  a  consistent 
flow  rate  of  15  to  20  gallons  per  minute  for  each  treatment  system. 


Alternative  III  will  also  include  long-term  monitoring  of  the  LEAD  groundwater  to  assist  in  the  evaluation 
of  the  effectiveness  of  the  groundwater  treatment  systems.  All  of  the  groundwater  treatment  systems  will 
be  designed  to  accommodate  future  alterations  or  expansions. 

11-2-3.2  Overall  Protection  of  Human  Health  and  the  Environment 


The  remedial  actions  performed  under  Alternative  HI  would  be  designed  to  effectively  control  both  short- 
and  long-term  impacts  to  human  health  and  the  environment.  Treatment  of  the  inq)acted  LEAD 
groundwater  via  air  stripping,  filtration,  and  ion  exchange  should  effectively  reduce  the  concentrations 
of  volatile  organic  and  metal  contaminants  in  the  groundwater.  The  remedial  actions  proposed  under 
this  alternative  are  expected  to  meet  all  ARARs  and  offer  a  high  level  of  overall  protection  of  human 
health  and  the  environment. 

11.2.3.3  Compliance  With  ARARs 

Treatment  of  the  LEAD  groundwater,  as  proposed  under  Alternative  ffl,  will  reduce  the  concentrations 
of  contaminants  in  the  groundwater  to  levels  which  are  below  the  cleanup  goal  concentrations  specified 
in  Section  9.2,  thereby  satisfying  the  ARARs  for  acceptable  groundwater  contaminant  concentrations. 
Regulatory  requirements  for  the  discharge  of  treated  groundwater  to  on-site  streams  or  the  local  POTW 
will  also  be  complied  with  under  Alternative  III.  Furthermore,  OSHA  standards  for  hazardous  waste 
and  construction  site  workers  will  be  complied  with  during  the  implementation  of  Alternative  III. 

11.2.3.4  Long-Term  Effectiveness  and  Permanence 

The  remedial  actions  proposed  under  Alternative  III  will  provide  long-term  protection  of  human  health 
and  the  environment.  The  treatment  technologies  proposed  for  the  LEAD  groundwater  under  Alternative 
III  are  expected  to  permanently  reduce  the  concentrations  of  groundwater  contaminants,  thereby 
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eliminating  the  potential  for  future  exposure  to  these  contaminants.  Residuals  from  the  groundwater 
treatment  process  will  be  properly  handled  and  disposed  of  to  limit  future  human  health  and/or 
environmental  risks  which  they  may  pose.  After  treatment  activities  have  been  completed,  monitoring 
of  the  LBAD  groundwater  will  continue.  The  long-term  monitoring  of  the  LEAD  groundwater  will 
facilitate  future  evaluations  of  the  groundwater  treatment  efforts  and  assist  in  determining  if  chemicals 
of  concern  in  the  LBAD  groundwater  are  maintained  below  their  respective  cleanup  goal  concentrations. 

11.2.3.5  Reduction  of  Toxicity.  Mobility,  or  Volume  Through  Treatment 

The  treatment  technologies  proposed  under  Alternative  IE  will  reduce  the  toxicity  and  volume  of 
contaminants  in  the  LBAD  groundwater.  The  combination  of  metals  treatment  via  ion  exchange  and 
filtration  and  volatile  organics  treatment  via  air  stripping  will  reduce  the  concentrations  of  these  chemicals 
in  the  groundwater,  thereby  reducing  the  toxicity  and  volume  of  these  constituents. 

11.2.3.6  Short-Term  Effectiveness 

Remedial  actions  performed  under  Alternative  III  are  expected  to  present  little  or  no  risks  to  the 
surrounding  community  during  implementation.  The  relatively  remote  location  of  LBAD  in  relation  to 
residential  areas  will  help  limit  potential  impacts  or  risks  to  the  community  during  remedial  activities. 
Access  to  the  treatment  system  areas  will  be  restricted  to  prevent  public  exposure  to  groundwater 
contaminants  and  treatment  residuals. 

Site  workers  could  potentially  be  exposed  to  site  contaminants  during  remediation  activities.  Potential 
impacts  to  site  workers  could  be  controlled  with  the  use  of  the  appropriate  PPE  and  by  ensuring  that  site 
workers  have  the  required  training  and  work  experience. 

The  implementation  of  Alternative  III  is  not  expected  to  pose  any  significant  environmental  impacts.  The 
exact  time  to  implement  this  alternative  will  depend  on  weather  conditions,  the  construction  contractor’s 
capabilities  and  experience,  the  availability  of  the  required  construction  equipment,  and  the  effectiveness 
and  efficiency  of  the  groundwater  treatment  system  in  reducing  the  concentrations  of  groundwater 
contaminants  below  the  cleanup  goal  concentrations.  Based  on  available  site  information,  a  period  of  10 
to  14  months  should  be  sufficient  to  prepare  remedial  design  specifications  and  install  the  groundwater 
treatment  system.  It  is  anticipated  that  the  groundwater  treatment  system  will  be  required  to  operate  for 
several  years  before  cleanup  goals  for  the  groundwater  contaminants  have  been  achieved. 
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11.2.3.7 


Implementabilitv 


All  of  the  groundwater  treatment  technologies  proposed  under  Alternative  m  are  well-developed  and 
proven  for  the  contaminants  of  concern  in  the  LBAD  groundwater.  The  required  labor,  equipment,  and 
materials  to  implement  this  alternative  are  readily  available.  Coordination  with  the  local  POTW  will  be 
required  if  POTW  discharge  of  treated  water  is  performed  under  this  alternative.  A  KPDES  permit  will 
be  required  if  the  treated  water  is  discharged  to  on-site  streams.  The  remediation  contractor  will  have 
to  coordinate  the  construction  schedule  with  the  appropriate  Army  officials.  These  officials  will  need  to 
assist  the  contractor  with  site  access  arrangements  and  the  location  of  access  roads  and  storage  areas  for 
the  construction  and  remediation  equipment. 

11.2.3.8  Cost 

The  cost  estimate  for  Alternative  III  is  based  on  the  construction  and  simultaneous  operation  of  five 
groundwater  treatment  systems  at  batch  flow  rates  of  15  to  20  gallons  per  minute.  The  capital  cost 
estunate  was  developed  with  the  understanding  that  both  filtration  and  ion  exchange  treatment  for  metals 
would  be  required,  and  that  the  treated  water  would  be  discharged  on-site.  The  operation  and 
maintenance  costs  for  this  alternative  were  developed  with  the  understanding  that  the  groundwater 
treatment  systems  would  operate  for  5  years  and  that  groundwater  monitoring  would  be  performed  for 
a  period  of  30  years.  The  cost  estimates  presented  in  this  CMS  are  intended  to  provide  a  basis  for 
making  cost  comparisons  between  alternatives  and,  as  discussed  in  Section  10.1,  were  not  developed  with 
the  level  of  detail  required  for  their  use  in  budget  planning.  Table  11-2  provides  breakdown  of  the  costs 
associated  with  Alternative  III.  The  total  estimated  cost  to  implement  Alternative  III  is  $1,735,312. 

11.2.3.9  State  Acceptance 

This  criterion  will  be  addressed  after  the  State  of  Kentucky’s  comments  on  this  RFI/CMS  report  have 
been  received. 

11.2.3.10  Community  Acceptance 

This  criterion  will  be  addressed  after  community  comments  on  the  remedial  alternatives  presented  in  this 
RFI/CMS  report  have  been  received. 
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11.3  Comparative  Analysis  of  Alternatives 


This  section  highlights  and  compares  the  relative  strengths  and  weaknesses  of  Alternatives  I,  n,  and  HI. 
Table  11-3  presents  a  summary  of  this  comparison  in  terms  of  the  nine  evaluation  criteria.  The 
comparative-analysis  discussion  of  the  three  alternatives  for  the  LEAD  groundwater  is  presented  below. 

Prior  to  proceeding  with  the  cornfmative-analysis  discussion,  it  is  important  to  note  that  a  complete 
and  objective  evaluation  of  remedial  alternatives  for  the  LBAD  groundwater  cannot  be  performed 
unless  the  remedies  under  consideration  or  selected  for  contaminant*;  in  the  LBAD  soils  are  also 
taken  into  account.  Contaminants  which  have  been  identified  in  the  LBAD  soils  are  considered  a 
source  of  the  LBAD  groundwater  contamination.  As  previously  discussed,  a  separate  CMS  report 
has  been  prepared  which  evaluates  r^edial  action  alternatives  for  contaminants  in  the  LBAD  soils 
(USAEC,  June  1994).  This  document  is  currently  under  review  by  the  U.S.  Army,  U.S.  EPA,  and 
the  State  of  Kentucl^.  Dependent  upon  which  remedial  action  alternatives  are  selected  anrf 
ultimately  implemented  for  the  impacted  soils,  soil  contaminants  which  are  contributing  to  the 
LBAD  groundwater  contamination  may  be  contained,  removed,  and/or  treated;  thereby  faHiimting 
future  reductions  in  groundwater  contaminant  concentrations  without  direct  treatment  of  the 
groundwater.  This  being  the  case,  some  additional  support  may  be  provided  for  the  selection  of  the 
long-term  monitoring  alternative  which  does  not  include  direct  treatment  of  groundwater 
(Alternative  II)  when  compared  with  the  alternative  which  entails  groundwater  collection  anH 
treatment  (Alternative  III).  Therefore,  although  treatment,  containment,  and  removal  actions  for 
the  LBAD  soil  contaminants  are  addressed  in  a  separate  report,  the  remedial  action(s)  chosen  for 
the  LBAD  soil  contaminants  must  be  considered  along  with  the  comparative-analysis  discussion 
presented  below  to  ensure  a  complete  and  objective  evaluation  of  remedial  action  alternatives  for 
the  LBAD  groundwater. 

11-3.1  Overall  Protection  of  Human  Health  and  the  Environment 

Alternative  III  is  expected  to  provide  the  greatest  amount  of  overall  protection  of  human  health  and 
environment  when  compared  with  Alternatives  I  and  II.  Alternative  III  includes  removal  and  treatment 
of  the  impacted  LBAD  groundwater  and  long-term  monitoring  of  the  site  groundwater.  Alternative  II 
is  considered  less  protective  of  human  health  and  the  environment  because  no  treatment  of  the  site 
groundwater  is  provided  for,  although  long-term  monitoring  and  restrictions  on  the  future  use  of  the  site 
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groundwater  are  included  under  Alternative  II.  Alternative  I,  the  no-action  alternative,  will  not  provide 
any  protection  of  human  health  and  the  environment. 

11.3.2  Compliance  With  ARARs 

Alternative  I  is  not  expected  to  comply  with  ARARs  because  no  actions  would  be  taken  to  reduce 
groimdwater  contaminant  concentrations  and  achieve  the  prescribed  cleanup  goals  for  the  LEAD 
groundwater.  Furthermore,  Alternative  I  does  not  include  any  provisions  for  the  long-term  monitoring 
of  the  LEAD  groundwater  to  determine  if  the  groundwater  contaminant  concentrations  are  increasing  or 
decreasing  above  or  below  their  respective  cleanup  goal  concentrations. 

Alternative  II  may  not  comply  with  ARARs  because  no  actions  would  be  taken  to  reduce  the  contaminant 
concentrations  in  the  LEAD  groundwater.  However,  Alternative  II  does  include  the  use  of  deed 
restrictions  to  prevent  the  future  use  of  LEAD  groundwater  as  a  drinking  water  source,  thereby 
eliminating  the  human  exposure  pathway  associated  with  the  ingestion  of  groundwater  contaminants. 
Elimination  of  the  human  exposure  pathway  is  a  critical  element  of  Alternative  n  because,  although  no 
measures  for  the  reduction  of  groundwater  contaminant  concentrations  will  be  implemented  under 
Alternative  II,  the  cleanup  goal  concentrations  for  the  site  groundwater  contaminants  (which  may  be 
considered  ARARs)  are  based  on  the  existence  of  a  human  exposure  pathway.  Consequently,  if  the  deed 
restrictions  imposed  under  Alternative  II  were  successfully  implemented,  the  human  exposure  pathway 
would  be  eliminated  and  the  cleanup  goal  concentrations  would  be  rendered  inapplicable. 

Alternative  III  is  expected  to  comply  with  ARARs  because  the  site  groundwater  would  be  extracted  and 
treated  to  reduce  contaminant  concentrations  and  achieve  the  established  cleanup  goals.  OSHA  standards 
for  workers  at  hazardous  waste  sites  will  be  followed  during  the  on-site  construction  activities  associated 
with  the  implementation  of  Alternative  III. 

11.3.3  Long-Term  Effectiveness  and  Permanence 

The  no-action  alternative  offers  no  means  to  prevent  current  or  future  exposure  to  the  LEAD  groundwater 
contaminants,  nor  does  it  include  treatment  of  the  groundwater  to  reduce  the  contaminant  concentrations. 
Therefore,  the  no-action  alternative  is  not  expected  to  provide  any  long-term  effectiveness  or  permanence. 
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Alternative  II  will  eliminate  the  human  exposure  pathway  (i.e.,  consumption  of  impacted  groundwater) 
if  efforts  to  prevent  future  use  of  the  LEAD  groundwater  as  a  source  of  drinking  water  are  successhil. 
Alternative  II  does  not  include  any  treatment  of  the  groundwater  to  reduce  the  contaminant 
concentrations.  Therefore,  Alternative  II  is  expected  to  provide  a  moderate  level  of  long-term 
effectiveness  and  permanence. 

The  extraction  and  treatment  of  the  impacted  LEAD  groundwater,  as  proposed  under  Alternative  EQ, 
should  permanently  reduce  the  concentrations  of  groundwater  contaminants  below  the  cleanup  goal  levels. 
Long-term  monitoring  of  the  LEAD  groundwater  contaminant  concentrations  under  Alternative  m  will 
help  establish  the  effectiveness  and  permanence  of  the  treatment  remedy  in  reducing  the  contaminant 
concentration  levels.  Therefore,  Alternative  HI  is  expected  to  provide  a  high  level  of  long-term 
effectiveness  and  permanence. 

11.3.4  Reduction  of  Toxicity,  Mobility,  or  Volume  Through  Treatment 


Alternatives  I  and  II  provide  no  treatment,  and  therefore  achieve  no  reduction  in  contaminant  toxicity, 
mobility,  or  volume. 

Alternative  III  will  reduce  the  toxicity  and  volume  of  the  LEAD  groundwater  contaminants  through 
treatment.  Air  stripping  will  reduce  the  concentrations  of  volatile  organic  constituents  in  the 
groundwater.  Filtration  and  ion  exchange  treatment  will  reduce  the  concentrations  of  metals  in  the 
groundwater. 

11.3.5  Short-Term  Effectiveness 


The  no-action  alternative  will  impose  no  short-term  impacts  during  implementation  because  no  remedial 
actions  would  be  performed.  Remedial  actions  performed  under  Alternative  II,  which  include  the 
imposition  of  deed  restrictions  and  the  long-term  monitoring  of  site  groundwater,  are  not  expected  to 
impose  any  short-term  impacts  on  the  nearby  community  or  the  environment.  Furthermore,  individuals 
responsible  for  the  collection  of  groundwater  samples  will  be  properly  trained  and  will  wear  the 
appropriate  PPE  during  sample  collection  activities  to  control  the  potential  for  exposure  to  site 
groundwater  contaminants. 
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Remedial  actions  performed  under  Alternative  III  would  pose  no  significant  community  impacts  because 
public  access  to  the  groundwater  treatment  system  areas  would  be  restricted.  Site  workers  responsible 
for  the  installation  and  operation  of  the  groundwater  treatment  system  and  the  long-term  monitoring  of 
site  groundwater  will  have  the  proper  training  and  experience  to  implement  this  remedial  action. 
Furthermore,  site  workers  will  don  the  appropriate  PPE  to  control  the  potential  for  exposure  to  the 
groundwater  contaminants.  No  significant  environmental  impacts  are  anticipated  during  the 
implementation  of  Alternative  in. 

Alternative  E  could  be  implemented  in  less  than  two  months  and  Alternative  HI  could  be  implemented 
in  10  to  14  months.  For  the  purposes  of  this  report,  it  is  assumed  that  the  long-term  groundwater 
monitoring  activities  associated  with  Alternatives  H  and  HI  would  be  performed  four  times  a  year  for  a 
period  of  30  years. 

11.3.6  Implementability 

Alternatives  I  and  D  have  no  technical  feasibility  considerations.  Alternative  m  is  considered  technically 
feasible  based  on  the  fact  that  the  Alternative  HI  treatment  methods  are  well  developed  and  proven  for 
the  treatment  of  the  LEAD  groundwater  contaminants 

Alternatives  I  and  H  may  be  administratively  difficult  to  implement  based  on  the  lack  of  any  direct 
treatment  of  the  site  groundwater  and  continued  MCL  exceedances.  Alternative  HI  is  considered 
administratively  feasible.  Coordination  with  the  local  POTW  will  be  required  if  treated  groundwater  is 
discharged  to  the  POTW  under  Alternative  III.  Coordination  with  the  State  of  Kentucky  for  approval  of 

a  KPDES  permit  will  be  required  if  treated  groundwater  is  discharged  to  on-site  streams  under  Alternative 
III. 

11.3.7  Cost 

There  is  no  cost  associated  with  the  implementation  of  Alternative  I.  The  estimated  cost  to  implement 
Alternative  II  is  $388,940  and  the  estimated  cost  to  implement  Alternative  ID  is  $  1,735,312. 
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11.3.8  State  Acceptance 


State  acceptance  of  the  groundwater  remedial  action  alternatives  will  be  addressed  after  the  State  of 
Kentucky’s  comments  on  these  alternatives  have  been  received. 

11.3.9  Community  Acceptance 

Community  acceptance  of  the  groundwater  remedial  action  alternatives  will  be  addressed  after  the 
community’s  comments  on  these  alternatives  have  been  received. 
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TABLE  11-1 
ALTERNATIVE  II 

(Institutional  Controls/Long -Term  Groundwater  Monitoring) 

Cost  Estimate 


UNIT  EST  TOTAL 

COST  UNITS  QTY  COST 


ITEM 

1 .  Administrative/Labor  Costs  to  Implement  and 
Enforce  Deed  Restrictions 

$20,000  LS 

1  $20,000 

2.  Quarterly  Sampling  and  Analysis  of  Groundwater 
for  TAL  inorganics  and  TCL  Volatile  Organics 

$500  SAMPLE 

48  $24,000 

Net  Present  Worth  Cost  to  Perform  Quarterly 
Sampling  and  Analysis  of  Groundwater  Samples 
($24, 000/year  for  30  years  @5%  cost  inflation 
rate) 

$368,940 

1  TOTAL  NET  PRESENT  WORTH  COST  FOR  ALTERNATIVE  II 

$388,940 
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TABLE  11-2 

ALTERNATIVE  III  COST  ESTIMATE 


CAPITAL  COSTS 


UNIT  EST  TOTAL 

COST  UNITS  QTY  COST 


_ _ _  ITEM _ 

I  PRELIMINARY  ACTIVITIES 

1 .  Groundwater  Sampling  to  Establish  Relative 
Concentrations  of  Dissolved  and  Undissolved 
Metals 

2.  Provide  Power  Supply  to  Each  Treatment  System 
Location 

3.  Purchase  and  Construct  Small  Buildings/Sheds 
for  Treatment  Systems 

SUBTOTAL  (ITEM  I) _ 


$250 

SAMPLE 

30 

$7,500 

$5,000 

LS 

1 

$5,000 

$6,000 

EACH 

5 

$30,000 

r~ 

L_ 

$42,500 

II  GROUNDWATER  EXTRACTION 


1.  Construct/I  nstall  Open  Hole  Extraction 

Wells  (Maximum  Depth  of  50  feet) 

$5,000 

EACH 

5 

$25,000 

2.  Purchase  and  Install  Groundwater  Pumps 

$2,000 

EACH 

5 

$10,000 

3.  Purchase  and  Install  Miscellaneous 

Piping  and  Hoses 

$4,000 

LS 

1 

$4,000 

4.  Connect  Pumping  System  to  Existing 

Power  Supply 

SUBTOTAL  (ITEM  II) 

$2,000 

LS 

1 

L 

$2,000 

$41 ,000 

III  FILTRATION 

1 .  Purchase  and  Install  Prefabricated 
Filtration  Systems 

2.  Purchase  and  Install  Control  Panels 
To  Operate  Treatment  Systems 

3.  Purchase  and  Install  Filtration 
System  Transfer  Pumps 

4.  Purchase  and  Install  Miscellaneous 
Piping,  Fittings,  Valves,  Control  Alarms,  etc. 

5.  Connect  Filtration  System  to  Existing 
Power  Supply 

SUBTOTAL  (ITEM  III) 


$20,000 

EACH 

5 

$100,000 

$5,000 

EACH 

5 

$25,000 

$1,000 

EACH 

10 

$10,000 

$15,000 

LS 

1 

$15,000 

$800 

LS 

1 

$800 

$150,800 
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TABLE  11-2  (Cont’d) 

UNIT  EST  TOTAL 

CAPITAL  COSTS  (Cont’d) _  COST  UNITS  QTY  COST 


IV  ION  EXCHANGE 


1. 

Purchase  and  Install  Ion  Exchange  Units 

$35,000 

EACH 

5 

$175,000 

2. 

Purchase  and  Install  System  Pumps 

$1,000 

EACH 

10 

$10,000 

3. 

Purchase  and  Install  Miscellaneous 

Piping,  Fittings,  Valves,  Control  Alarms,  etc. 

$15,000 

LS 

1 

$15,000 

4. 

Connect  Ion  Exchange  System  to  Existing 

Power  Supply 

$800 

LS 

1 

$800 

SUBTOTAL  (ITEM  IV) 

c 

$200,800 

V  AIR  STRIPPING 


1 .  Purchase  and  Install  Air  Stripper  Treatment 

$25,000 

EACH 

3 

$75,000 

Units 

2.  Purchase  and  Install  Miscellaneous 

$10,000 

LS 

1 

$10,000 

Piping,  Fittings,  Valves,  Control  Alarms,  etc, 

3.  Purchase  and  Install  Transfer  Pumps 

$1,000 

EACH 

6 

$6,000 

SUBTOTAL  (ITEM  V) 

□ 

$91,000 

VI  DISCHARGE  TO  SURFACE  STREAMS 


1 .  Purchase  and  Install  Discharge  Piping  or 
Collection  Tanks  (as  appropriate) 

$25,000  LS 

1 

$25,000 

2.  KPDES  Permit  Application  Costs 

$7,500  LS 

1 

$7,500 

SUBTOTAL  (ITEM  VI) 

r“ 

$32,500  i 

ALTERNATIVE  III  -  SUBTOTAL  CAPITAL  COSTS  $558,600 

25%  CONTINGENCY  $139,650 

TOTAL  CONSTRUCTION  COST  $698,250 

25%  FOR  DESIGN,  ENGINEERING  AND  CONST.  MGMT.  $174,563 

ALTERNATIVE  III  -  TOTAL  CAPITAL  COST  $872,813 
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TABLE  11-2  (Confd) 


UNIT 

EST 

TOTAL 

ANNUAL  OPERATION  AND  MAINTENANCE  COSTS 

COST 

UNITS 

QTY 

COST 

ITEM 

1 .  Management  and  Disposal  of  Treatment 

$50,000 

LS 

1 

$50,000 

Residuals 

2.  Treatment  System  Operation  and  Maintenance 

$50,000 

LS 

1 

$50,000 

(Including  miscellaneaous  equipment  repairs/ 
parts  replacement  and  chemical  additives 
for  ion  exchange  system  operation) 

3.  Electricity  Costs 

$0.10 

KWH 

50000 

$5,000 

4.  Quarterly  Sampling  and  Analysis  of  Treatment 

$500 

SAMPLE 

20 

$10,000 

System  Effluent  for  TAL  Inorganics  and  TCL 

Volatile  Organics 

5.  Quarterly  Sampling  and  Analysis  of  Groundwater 

$500 

SAMPLE 

48 

$24,000 

for  TAL  inorganics  and  TCL  Volatile  Organics 

Annual  O&M  Subtotal  Cost 

$115,000 

20%  Contingency 

$23,000 

ALTERNATIVE  III  -  ANNUAL  O&M  COST 

$138,000 

TOTAL  O&M  COST  (NET  PRESENT  WORTH) 

($1 38,000/year  for  5  years  @  5%  cost  inflation  rate, 
plus  $24,000/year  for  an  additional  25  years  @  5% 
for  groundwater  monitoring  only) 

$862,499 

NET  PRESENT  WORTH  COST  FOR  ALTERANTIVE  III 
(Total  Capital  Cost  +  Net  Present  Worth  O&M  Cost) 

$1,735,312 

NOTE:  Sources  for  unit  costs  include  quotes  from  vendors,  Means  (1993),  and 
M&E  experience. 


TABL-m:.  11-3 

SUMMARY  OF  THE  COMPARATIVE  ANALYSIS  OF  ALTERNATIVES 


Feasibility  groundwater  treatment  and  the  continued  groundwater  treatment  and  the  continued 

exceedances  of  drinking  water  standards  exceedances  of  drinking  water  standards, 

although  restrictions  on  future  groundwater 
use  would  render  these  restrictions 

_ _ L _  inapplicable. 
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AUGUST  1993 


TARGET  Project  SHBE2 


SAMPLE  COLLECTION  AND  ANALYSIS 

On  August  25-31,  1993,  TARGET  Environmental  Seivices,  Inc.  (TARGET)  conducted 
a  soil  gas  survey  at  the  Lexington  Bluegniss  Anmy  Depot  in  Lexington,  Kentucky.  A  total  of  287 
soil  gas  samples  were  collected  from  depths  of  1  to  4  feet.  Samples  collected  at  depths  less  than 
4  feet  were  the  result  of  probe  refusal.  The  majority  of  the  samples  were  successfully  collected 
at  depths  of  3.5  to  4  feet.  The  sampling  locations  are  showm  on  the  accompanying  copy  of  the 
field  map. 

To  collect  the  samples  a  1 /2-inch  hole  was  produced  to  a  depth  of  approximately  4  feet 
by  using  a  drive  rod.  Where  pavement  was  present,  a  rotary  hammer  was  employed  for 
penetration  prior  to  using  the  drive  rod.  The  entire  sampling  system  was  purged  with  ambient 
air  drawn  through  an  organic  vapor  filter  cartridge,  and  a  stainless  steel  probe  was  inserted  to  the 
full  depth  of  the  hole  and  sealed  off  from  the  atmosphere.  A  sample  of  in-situ  soil  gas  was  then 
withdrawn  through  the  probe  and  used  to  purge  atmospheric  air  from  the  sampling  system.  A 
second  sample  of  soil  gas  was  withdrawn  through  the  probe  and  encapsulated  in  a  pre-evacuated 
glass  vial  at  two  atmospheres  of  pressure  (15  psig).  The  self-sealing  vial  was  detached  from  the 
sampling  system,  packaged,  labeled,  and  stored  for  laboratory  analysis  All  sampling  holes  were 
backfilled  with  bentonite  and  the  surface  repaired  with  like  material  upon  completion  of  the 
sampling. 

Prior  to  the  day's  field  activities  all  sampling  equipment,  slide  hammer  rods  and  probes 
were  decontaminated  by  washing  with  soapy  water  and  rinsing  thoroughly.  Internal  surfaces  were 
flushed  dry  using  pre-purified  nitrogen  or  filtered  ambient  air,  and  external  surfaces  were  wiped 
clean  using  clean  paper  tow'els 
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All  of  the  samples  collected  during  the  field  phase  of  the  survey  were  analyzed  by 
Maryland  Spectial  Services,  Inc.  (MSS)  according  to  EPA  Method  624,  modified  for  vapor 
analysis  on  a  gas  chromatograph  equipped  with  a  mass  spectrometer.  Vinyl  chloride  was 
standardized  for  this  analysis. 

The  results  of  the  laboratory  analysis  of  the  soil  gas  samples  are  reported  in  micrograms 
per  liter  (pg/l)  and  included  in  this  report  as  received  from  MSS.  Copies  of  the  sample  chain-of- 
custody  forms  are  also  included. 

Quality  Assui^ce/Oualitv  Control  tOA/OO  Evaluation 
Field  QA/QC  Samples 

Field  control  samples  were  collected  at  the  beginning  and  end  of  each  day's  field  activities 
and  after  every  twentieth  soil  gas  sample.  These  QA/QC  samples  were  obtained  by  filtering 
ambient  air  through  a  dust  and  organic  vapor  filter  cartridge  and  encapsulating  as  described 
above.  These  samples  were  numbered  501-523  and  the  laboratory  results  of  their  analysis  are 
included  along  with  the  field  samples.  Concentrations  of  all  analytes  were  below  the  reporting 
limit  in  all  field  control  samples. 

Laboratory  QA/QC  Samples 

To  document  analytical  repeatability,  a  duplicate  analysis  was  performed  on  all  samples 
exhibiting  detectable  levels  of  vinyl  chloride.  Additional  samples  were  chosen  for  replicate 
analysis  so  that  the  total  number  of  replicate  analyses  was  ten  percent  (10%)  of  the  total  field 
sample  number.  Laboratory  Method  Blanks  were  analyzed  after  every  tenth  field  sample.  The 
results  of  these  analyses  are  included  as  received. 
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Vapor  Vinyl  chloride 
Vapor  Vinyl  chloride 
Vapor  Vinyl  chloride 


The  samples  were  analyzed  by  USEPA  Method  624,  modified  for 
vapor  analysis  and  using  capillary  chromatography.  The 
system  was  evaluated  for  compliance  with  USEPA  mass 
assignment  and  ion  abundance  by  analysis  of  50  ng  4- 
Broroofluorobenzene.  The  mass  spectrometer  was  then  scanned 
from  58  to  98  a.m.u.  for  Vinyl  chloride  analysis. 

A  five  milliliter  volume  of  sample,  together  with 
Bromomethane  with  a  final  concentration  of  50  UG/L  was 
introduced  to  a  purge  and  trap  concentrator  and  analyzed. 

The  system  was  evaluated  initially  for  linearity  and 
reproducibility  by  analysis  of  known  concentration  standard 
preparations  of  59  UG/L,  20  UG/L,  and  10  UG/L  in  air. 

The  Percent  Relative  Standard  Deviation  of  these  measurements 
was  4.2  percent  for  instrument  MSB  and  9.0  percent  for 
instrument  MSA. 

A  known  concentration  check  standard  was  analyzed  at  the 
beginning  of  each  day  at  a  level  of  50  UG/L.  In  all  cases, 
the  check  standard  analysis  exhibited  a  Relative  Percent 
Difference  of  less  than  20  percent.  Also  prior  to  the 
analysis  of  samples,  a  low  level  check  standard  (1  UG/L)  and 
a  Method  Blank  were  analyzed.  After  each  ten  analyses,  a 


NARRATIVE  (Continued) 


analyzed.  All  samples  exhibiting  detectable 
.  re-analyzed.  Additional  samples  were 

analysis  so  that  the  total  numLr  SI 
nu^er^^^  analyses  was  ten  percent  of  total  field  sample 


target  compounds  can  be  found  in 

Secuion  3  of  this  report. 

Sample  Method  Blank,  Sensitivity  Check,  and  Continuing 
caiiDrarion  Check  analysis  chromatograms  are  provided,  and 
are  labeled  for  target  compounds  found  (VCM) ,  together  with 
Internal  Standard  (BCM) .  Mass  (m/z)  62  (for  Vinyl  chloride) 
and  mass  (m/z)  94  (for  Bromomethane)  are  provided, 
as  well.  ^  ' 

CONTAINED  IN  THIS  HARDCOPY  DATA  PACKAGE 
I^S  BEEN  AUTHORIZED  BY  THE  LABORATORY  MANAGER  OR  HIS 
DESIGNEE,  AS  VERIFIED,  BY  THE  FOLLOWING  SIGNAT,URE: 

10(93 

'  Kenneth  K.  gTTT^  Jr .  10  September  1993 


2.  Sample  Traffic  Report 


^RGCT  ENVIRONMENTAL  SERVICES,  INC. 


Type  of  sample  (circle  one):  Soil,  Water,(;^  Product 

Mode  of  Transportation:  ^  ^TK _ 

Sampler's  Name:  C<f'»G<).o  _  Total  No.  Samples: 

More  samples  to  come 


te/Time 


End  of  job  _ 

Received  by 


Remarks 


m  OA  nt^\sr'w~'%r 


fARGET  ENVIRONMENTAL  SERVICES,  INC 


CHAIN  OF  CUSTOnv 


Type  of  analysis:  FID  _  ECD 

Initial  Analysis:  Home  Lab 
Itemized  Sample  List 


Other  VC. 

Field  Lab  _ 

C-ill  Ccjty 


JOB  CODE: 


Ch  ,  . 

V/ 

"n - 

■TT- - 

- 

if 

i 

rL 

^"7;^ 

‘  HI 

S3 

yIT - 

i  . 

- - - - 

"Tj  . 

Ti - - - 

■1b - — 

^71 

Hk 

;r5^ 

Xf^s 

IT 

"  '  HI 

77J. - 

■vT - 

Cl 

^'77 

ir\  ■ 

1r - - 

•  u  ^ 

5£> 

lO 

Type  of  Sample  (circle  one):  Soil,  Water,  ^IT^Ga^  Product 
Mode  of  Transportation:  -r 

Sampler's  Name:  SUmMr  Total  No.  Samples: 

More  samples  to  come  End  of  job 

Date/Tiine  Received  by  Remarks 


l  ARGET  ENVIRONMENTAL  SERVICES.  INC. 

» — m  ^ 


CHAIN  OF  CUSTODY 


Type  of  analysis:  FID  _  ECD 

Initial  Analysis:  Home  Lab  _ 


Field  Lab 


JOB  CODE : 

'■ 


Itemized  Sample  List  oP'3Q^  ^ 


9l  S>l 

"  ‘if 

v\/o( 

0-  'L'2- 

i^Z> 

^/fS 

»f9 

■^/Cf 

^/fi 

■''Tr- 

‘kC 

/6C 

?<>  /  (^<o 

4 

n  ^7 

n?7 

>7  /c>7 

VK'J 

i 

1 

1 

•yi  ‘^9^ 

(o^ 

x.<P'7 

] 

• 

'Uj  /^Cf 

<D 

'0/00 

3^ 

lo^on 

Type  of  Sample  (circle  one)  :  Soil,  Water^^^oil^a^  Product 
.Mode  of  Transportation:  Cl  K  , _ 


Sampler's  Name: 

.More  sampj.es  to  come 
id  b 


rotal  No.  Samples: 
End  of  job  _ 


3~byx  Date/T^e  Received  by 

1=^  ^Z'7n?> 


Remarks 


TARGET  ENVIRONMENTAL  SERVICES,  INC. 


CHAIN  OF  CUSTODY 

Type  of  analysis:  FID  _  BCD 

Initial  Analysis:  Home  Lab  _ 

Itemized  Sample 


rf/^9- 

ml- 

-'(S'jo 

mm 

jga 

wm 

991 

mm 

msm 

SB 

Ibm 

Em 

mt 

Bi 

91 

mmm 

■■ 

m 

^1 

WEm 

9^ 

IS 

nm 

n/6J 

MI9 

Wim 

ms!M- 

H9i 

-S' 

I'O  /3^ 

Other  \/^ 
Field  Lab  _ 


JOB  CODE: 


ARGET  ENVIRONMENTAL  SERVICES.  INC. 

* 


CHAIN  OF  CUSTODY 
Type  of  analysis:  FID 


ECD 


Initial  Analysis:  Home  Lab 
'  Itemized  Sample  List 


other 

Field  Lab  _ 


JOS  CODE: 


1^ 

WE^ 

tiZoP 

WSM 

•^n 

1 

ii^ 

c{^S^ 

iW 

m 

/?i 

jr/'7? 

Baa 

\nr 

1^ 

lU 

mM 

SSBM 

m 

^il 

n7 

m 

iBBBI 

i 

Ip 

<c(iJo3 

S^zSS 

\i^ 

M 

r^ZlH 

Sh>z.zy 

^zc? 

Ktir 

*/zzr 

fizjr 

- /— £ - 

cvZ-Z-^ 

1m£’‘ 

- 

43> 

41 

yi 


Type  of  Sample  (circle  one)  :  Soil,  Water 


fxl  Gas,) Product 


Rode  of  Transportation: 


Sampler's  Name:  mxH'^ ^7)  Total  No.  Samples: 

More  samples  to  come  End  of  job  _ 


Rel^quished  by  Date/Time  Received  by 


Remarks 


oicn  DMimcirv  r>rwr\  r^r\\  ihuidia  A.4Ar>v^i  aktv  oioac 


z/iiAv  ono  £.ciOO  C-..V  r/iin\  QQ9  riT  • 


PARGET  ENVIRONMENTAL  SERVICES.  INC. 

- W — W  ^ 


CHAIN  OF  CUSTODY 

IV - 

Type  of  analysis:  FID  _  BCD  _  Other  _ 

Initial  Analysis:  Hone  Lab  _  Field  Lab 

Itemized  Sample  List  ^ 


JOB  CODE; 


3.  Results  of  Analysis  of  Samples 


MARYLAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBHE2 
Page  1  of  2 


Sample  l.D. 

Lab  l.D. 

Date  Received 

Date  Analyzed 

Volume  Injected 
Instrument  ID 

Units: 

Compound 

1 

93082601 

08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

2 

93082602 
08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

3 

93082603 
08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

4 

93082604 
08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

5 

93082605 
08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

6 

93082606 
08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

7 

93082607 

08-26-93 

08-26-93 

5.0  ML 

MSB 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  l.D. 

Lab  l.D. 

Date  Received 

Date  Analyzed 

Volune  Injected 
Instriment  ID 

Units: 

Compound 

8 

93082608 
08-26-93 
08-26-93 
5,0  ML 

MSB 

UG/L  AIR 

9 

93082609 

08-26-93 

08-26-93 

5.0  ML 

MSB 

UG/L  AIR 

10 

93082610 
08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

11 

93082611 
08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

12 

93082612 

08-26-93 

08-26-93 

5.0  ML 

MSB 

UG/L  AIR 

13 

93082613 
08-26-93 
08-26-93 
5.0  HL 

MSB 

UG/L  AIR 

14 

93082614 

08-26-93 

08-26-93 

5-0  ML 

MSB 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

2.1 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  l.D. 

Lab  l.D. 

Date  Received 

Date  Analyzed 

Volune  Injected 
Instrument  ID 

Units: 

Compound 

15 

93082615 

08-26-93 

08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

16 

93082616 

08-26-93 

08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

17 

93082617 
08-26-93 
08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

18 

93082618 

08-26-93 

08-26-93 

5.0  ML 

MSB 

UG/L  AIR 

19 

93082619 

08-26-93 

08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

20 

93082620 
08-26-93 
08-26-93 
5-0  ML 

MSB 

UG/L  AIR 

21 

93082621 

08-26-93 

08-27-93 

5.0  ML 

MSB 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  l.D. 

22 

Lab  l.D. 

93082622 

Date  Received 

08-26-93 

Date  Analyzed 

08-27-93 

Volune  Injected 

5.0  ML 

Instrunent  ID 

MSB 

Units: 

UG/L  AIR 

Compound 

23 

24 

25 

93082623 

93082624 

93082625 

08-26-93 

08-26-93 

08-26-93 

08-27-93 

08-27-93 

08-27-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

26 

27 

28 

93082626 

93082627 

93082628 

08-26-93 

08-26-93 

08-26-93 

08-27-93 

08-27-93 

08-27-93 

5.0  ML 

5.0  HL 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 


<  0.5  <  0.5  <  0.5  <  0.5  <  0.5  <0.5  <  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MARYLAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VIMYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBHE2 

Page  2  of  2 

Sample  I.D. 

29 

Lab  I.D. 

93082629 

Date  Received 

08-26-93 

Date  Analyzed 

08-27-93 

Volume  Injected 

5.0  ML 

Instrument  ID 

MSB 

Units: 

Compound 

UG/L  AIR 

30 

31 

32 

93082630 

93082631 

93082632 

08-26-93 

08-26-93 

08-26-93 

08-27-93 

08-27-93 

08-27-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

33 

34 

35 

93082633 

93082634 

93082635 

08-26-93 

08-26-93 

08-26-93 

08-27-93 

08-27-93 

08-27-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

Lab  I.D. 

Date  Received 

Date  Analyzed 

Volume  Injected 
Instrument  ID 

Units: 

36 

93082636 

08-26-93 

08-27-93 

5.0  ML 

MSB 

UG/L  AIR 

37 

93082637 
08-26-93 
08-27-93 
5.0  ML 

MSB 

UG/L  AIR 

38 

93082638 
08-26-93 
08-27-93 
5.0  ML 

MSB 

UG/L  AIR 

39 

93082639 
08-26-93 
08-27-93 
5.0  ML 

MSB 

UG/L  AIR 

40 

93082640 
08-26-93 
08-27-93 
5.0  ML 

MSB 

UG/L  AIR 

501 
93082641 
08-26-93 
08-27-93 
5.0  ML 
MSB 

UG/L  AIR 

502 
93082642 
08-26-93 
08-27-93 
5.0  ML 
MSB 

UG/L  AIR 

Conpound 


Vinyl  chloride 

<  0.5 

Sample  I.D. 

503 

Lab  I.D. 

93082643 

Date  Received 

08-26-93 

Date  Analyzed 

08-27-93 

Volume  Injected 

5.0  ML 

Instrument  ID 

MSB 

Units: 

UG/L  AIR 

Compound 

Vinyl  chloride 


<  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MAR^’L.AKD  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VIWYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  S5ME2 
Page  1  of  2 


Sample  l.D. 

41 

42 

43 

44 

45 

46 

47 

Lab  l.D. 

93082701 

93083041 

93082703 

93082704 

93082705 

93082706 

93082707 

Date  Received 

08-27-93 

08-30-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

Date  Analyzed 

08-27-93 

08-30-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

InstrLToent  ID 

MSB 

MSB 

MSB 

MSB 

MSB 

HSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  l.D. 

48 

49 

50 

51 

52 

53 

54 

Lab  l.D. 

93082708 

93082709 

93082710 

93082711 

93082712 

93082713 

93082714 

Date  Received 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

Date  Analyzed 

08-27-93 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  HL 

5.0  ML 

5.0  ML 

Instrument  ID 

MSB 

MSB 

MSB 

MSB 

HSB 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

A 

O 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  l.D. 

55 

56 

57 

58 

59 

60 

61 

Lab  l.D. 

93082715 

93082716 

93082717 

93082718 

93082719 

93082720 

93082721 

Date  Received 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

Date  Analyzed 

08-28-93 

08-28‘93 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrument  10 

MSB 

MSB 

MSB 

MSB 

MSA 

MSA 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  l.D. 

62 

63 

64 

65 

66 

67 

68 

Lab  l.D. 

93082722 

93082723 

93082724 

93082725 

93082726 

93082727 

93082728 

Date  Received 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

08-27-93 

Date  Analyzed 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

08-28-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrument  ID 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MAR^TAND  spectral  SER\1CES,  INC. 
ISOO  Cat  on  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/HS 


Client  Name:  Target 

Companies 

Project:  SBME2 

Page  2  of  2 

Sample  I.D. 

69 

Lab  I.D. 

93082729 

Date  Received 

08-27-93 

Date  Analyzed 

08-28-93 

Volume  Injected 

5.0  ML 

Instrument  ID 

MSA 

Units: 

UG/L  AIR 

Compound 

70 

71 

72 

93082730 

93082731 

93082732 

08-27-93 

08-27-93 

08-27-93 

08-28-93 

08-28-93 

08-28-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

73 

74 

75 

93082733 

93082734 

93082735 

08-27-93 

08-27-93 

08-27-93 

08-28-93 

08-28-93 

08-28-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

Sample  I.D.. 

76 

Lab  I.D. 

93082736 

Date  Received 

08-27-93 

Date  Analyzed 

08-28-93 

Volune  Injected 

5.0  ML 

Instrument  ID 

MSB 

Units: 

UG/L  AIR 

Compound 

<  0.5 

<  0.5 

<  0.5 

77 

78 

79 

93082737 

93082738 

93082739 

08-27-93 

08-27-93 

08-27-93 

08-28-93 

08-28-93 

08-28-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5 

<  0.5 

<  0.5 

80 

504 

505 

93082740 

93082741 

93082742 

08-27-93 

08-27-93 

08-27-93 

08-28-93 

08-28-93 

08-28-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 


<  0.5 


<  0.5  <  0.5  <  0.5 


<  0.5 


<  0.5  <  0.5 


Sample  I.O.  506 
Lab  I.D.  93082743 
Date  Received  08-27-93 
Date  Analyzed  08-28-93 
Volume  Injected  5.0  ML 
InstPLuient  ID  MSB 
Units:  UG/L  AIR 
Compound 


Vinyl  chloride 


<  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MAR^IAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBME2 
1  of  2 


Sample  I.D. 

Lab  I.D. 

Date  Received 

Date  Analyzed 

Volune  Injected 
Instrument  ID 

Units: 

Compound 

81 

93083001 
08-30-93 
08-30-93 
5.0  ML 

MSB 

UG/L  AIR 

82 

93083002 

08-30-93 
08-30-93 
5.0  ML 

MSB 

UG/L  AIR 

83 

93083003 
08-30-93 
08-30-93 
5.0  ML 

MSB 

UG/L  AIR 

84 

93083004 

08-30-93 

08-30-93 
5.0  ML 

MSB 
UG/L  AIR 

85 

93083005 
08-30-93 
08-30-93 
5.0  ML 

MSB 

UG/L  AIR 

86 

93083006 
08-30-93 
08-30-93 
5.0  ML 

MSB 
UG/L  AIR 

87 

93083007 

08-30-93 

08-30-93 

5.0  ML 

MSB 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

Lab  I.D. 

Date  Received 

Date  Analyzed 

Volume  Injected 
Instrunent  10 

Units: 

Compound 

88 

93083008 

08-30-93 

08-30-93 

5.0  ML 

MSB 

UG/L  AIR 

89 

93083009 

08-30-93 

08-30-93 

5.0  ML 

MSB 

UG/L  AIR 

90 

93083010 

08-30-93 

08-30-93 

5.0  ML 

MSB 

UG/L  AIR 

91 

93083011 

08-30-93 

08-30-93 

5.0  ML 

MSA 

UG/L  AIR 

92 

93083012 
08-30-93 
08-30-93 
5,0  ML 

MSA 

UG/L  AIR 

93 

93083013 
08-30-93 
08-30-93 
5.0  ML 

MSA 

UG/L  AIR 

94 

93083014 

08-30-93 

08-30-93 

5.0  ML 

MSA 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

Lab  I.D. 

Date  Received 
Date  Analyzed 
Volune  Injected 
Instrument  ID 
Units: 

Compound 


95 

93083015 
08-30-93 
08-30-93 
5.0  ML 
MSA 
UG/l  AIR 


96 

93083016 
08-30-93 
08-30-93 
5.0  ML 
MSA 
UG/L  AIR 


97 

93083017 
08-30-93 
08-30-93 
5.0  ML 
MSA 
UG/L  AIR 


98 

93083018 
08-30-93 
08-30-93 
5.0  ML 
MSA 
UG/L  AIR 


99 

93083019 
08-30-93 
08-30-93 
5.0  ML 
MSA 
UG/L  AIR 


100 
93083020 
08-30-93 
08-30-93 
5.0  ML 
MSA 
UG/L  AIR 


101 
93083021 
08-30-93 
08-30-93 
5.0  ML 
MSA 
UG/L  AIR 


Vinyl  chloride 

<  0.5 

Sample  I.D. 

102 

Lab  I.D. 

93083022 

Date  Received 

08-30-93 

Date  Analyzed 

08-30-93 

Volune  Injected 

5.0  ML 

Instrunent  ID 

MSA 

Units: 

UG/L  AIR 

Compound 

<  0.5 

<  0.5 

<  0.5 

103 

104 

105 

93083023 

93083024 

93083025 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5 

<  0.5 

<  0.5 

106 

107 

108 

93083026 

95083027 

93083028 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 


<  0.5  <  0.5  <  0.5  <  0.5 


<  0.5  <  0.5  <  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MARYLAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBME2 
Page  2  of  2 


Sample  I.D. 

109 

no 

Lab  I.D. 

93083029 

93083030 

Date  Received 

08-30-93 

08-30-93 

Date  Analyzed 

08-30-93 

08-30-93 

Volume  Injected 

5.0  ML 

5.0  ML 

Instrument  10 

MSA 

MSA 

Units: 

Compound 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

Sample  I.D. 

116 

117 

Lab  I.D. 

93083036 

93083037 

Date  Received 

08-30-93 

08-30-93 

Date  Analyzed 

08-30-93 

08-30-93 

Volume  Injected 

5.0  ML 

5.0  ML 

Instrument  ID 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

Compound 


Vinyl  chloride  <  0.5  <  0.5 


111 

112 

113 

114 

93083031 

93083032 

93083033 

93083034 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  HL 

MSB 

MSB 

MSB 

KSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

507 

508 

509 

93083038 

93083039 

93083040 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5  <  0.5  <  0.5 


115 
93083035 
08-30*93 
08-30-93 
5.0  ML 
MSB 
UG/L  AIR 


<  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MAR\'LAND  SPECTRAL  SERMCES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/HS 


Client  Name:  Target  Conpanies 
Project:  SBHE2 

Page  1  of  2 

Sample  I.D. 

118 

Lab  I.D. 

93083042 

Date  Received 

08-30-93 

Date  Analyzed 

08-30-93 

Volune  Injected 

5.0  HL 

Instrument  ID 

MSB 

Units: 

UG/L  AIR 

119 

120 

121 

93083043 

93083044 

93083045 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

5.0  HL 

5.0  ML 

5.0  ML 

KSB 

HSB 

HSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

122 

123 

124 

93083046 

93083047 

93083048 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

5,0  HU 

5.0  ML 

5.0  HL 

HSB 

HSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Conipound 


Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

125 

126 

127 

128 

129 

130 

131 

Lab  I.D- 

93083049 

93083050 

93083051 

93083052 

93083053 

93083054 

93083055 

Date  Received 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-50-93 

08-30-93 

08-30-93 

Date  Analyzed 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-31-93 

08-31-93 

08-31-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  HL 

5.0  ML 

5.0  ML 

Instrunent  ID 

HSB 

HSB 

MSB 

MSB 

MSB 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

CoRpound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sanple  I.D. 

132 

133 

134 

135 

136 

137 

138 

Lab  I.D. 

93083056 

93083057 

93083058 

93083059 

93083060 

93083061 

93083062 

Date  Received 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  HL 

5.0  ML 

5.0  ML 

5.0  ML 

InstruDent  ID 

HSB 

HSB 

MSB 

MSB 

MSB 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

139 

140 

141 

142 

143 

144 

145 

Lab  I.D. 

93083063 

93083064 

93083065 

93083066 

93083067 

93083068 

93083069 

Date  Received 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

Cate  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volifne  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instronent  ID 

HSB 

HSB 

MSB 

MSB 

MSB 

KSB 

HSB 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 


<  0.5  <  0.5  <  0.5  <  0.5  <  0.5 


0.5  <  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MAR^XAND  SPECTRAL  SERMCES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBHE2 
Page  2  of  2 


Sample  I.D. 

U6 

147 

148 

149 

150 

151 

152 

Lab  I.D. 

93083070 

93083071 

93083072 

93083073 

93083074 

93083075 

93083076 

Date  Received 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

Date  Analyzed 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrument  ID 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I  .D. 

153 

154 

155 

156 

157 

158 

159 

Lab  I.D. 

93083077 

93083078 

93083079 

93083080 

93083081 

93083082 

93083083 

Date  Received 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

Date  Analyzed 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-31-93 

08-31-93 

08-31-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrunent  ID 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

160 

161 

162 

163 

164 

165 

166 

Lab  I.D. 

93083084 

93083085 

93083086 

93083087 

93083088 

93083D89 

93083090 

Date  Received 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrument  ID 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

0.9 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

510 

511 

512 

513 

Lab  I.D. 

93083091 

93083092 

93083093 

93083094 

Date  Received 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrunent  ID 

MSA 

MSA 

MSA 

MSA 

Units: 

Compound 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  S  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.O.  =  NOT  DETECTED 


MAR\1AND  spectral  services,  INC. 
1500  Calon  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 

Client  Name:  Target  Companies 
Project:  SBME2 
Page  1  of  4 


Sample  I.D. 

167 

168 

169 

170 

171 

172 

173 

Lab  I.D. 

930831181 

930831182 

930831183 

930831184 

930831185 

930831186 

930831187 

Date  Received 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrunent  ID 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UC/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

o 

V 

<  0.5 

<  0.5 

Sample  I .D.  . 

174 

175 

176 

177 

178 

179 

180 

Lab  I.D. 

933083188 

930831189 

930831190 

930831191 

930831192 

930831193 

930831194 

Date  Received 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

C8-31-93 

08-31-93 

08-31-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

DS-31-93 

08-31-93 

08-31-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrunent  ID 

MSA 

MSA 

MSA 

MSB 

MSB 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

181 

182 

183 

184 

185 

186 

5U 

Lab  I.D. 

930831195 

930831196 

930831197 

930831198 

930831199 

930831200 

930831201 

Date  Received 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrunent  ID 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0,5 

<  0.5 

<  0.5 

Sample  I.D. 

Lab  I.D. 

Date  Received 
Date  Analyzed 
Volune  Injected 
Instrunent  ID 
Units: 

Compound 


515 

930831202 
08-31-93 
08-31-93 
5.0  ML 
MSA 
UG/L  AIR 


Vinyl  chloride 


<  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEV'S: 
N.D.  =  NOT  DETECTED 


MAR'iTAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AMO  TRAP/GC/MS 


Client  Karne:  Target  Companies 
Project:  SBHE2 
Page  2  of  4 


Sample  I.D. 

187 

188 

189 

190 

191 

192 

193 

Lab  I.D. 

93083143 

93083144 

93083145 

93083146 

93083147 

93083148 

93083149 

Date  Received 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrument  ID 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Corpound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sanple  I.D.. 

194 

195 

196 

197 

198 

199 

200 

Lab  I.D. 

93083150 

93083151 

93083152 

93083153 

93083154 

93083155 

93083156 

Date  Received 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5,0  ML 

Instrument  ID 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

A 

O 

In 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

201 

202 

203 

204 

205 

206 

207 

Lab  I.D. 

93083157 

93083158 

93083159 

93083160 

93083161 

93083162 

93083163 

Date  Received 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Date  Analyzed 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Volune  Injected 

5,0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

Instrument  ID 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Compound 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Saople  1  .D. 

208 

209 

210 

211 

212 

213 

214 

Lab  I.D. 

93083164 

93083165 

93083166 

93083167 

93083168 

93083169 

93083170 

Date  Received 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

Date  Analyzed 

08-31-93 

09-01-93 

09-01-93 

08-31-93 

09-01-93 

09-01-93 

09-01-93 

Volune  Injected 

5,0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5,0  ML 

5.0  ML 

Instrunent  ID 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

Units: 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Cocpou^ 

Vinyl  chloride 

<  0.5 

in 

<3 

V 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MAR^TAND  SPECTRAL  SER\1CES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VIMYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBHE2 

Page  3  of  4 

Sample  I.D. 

215 

Lab  I.D. 

93083171 

Date  Received 

08-31-93 

Date  Analyzed 

09-01-93 

Volume  Injected 

5.0  ML 

Instrument  ID 

MSA 

Units; 

Compound 

UG/L  AIR 

216 

217 

218 

93083172 

93083173 

93083174 

08-31-93 

08-31-93 

08-31-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UC/L  AIR 

219 

220 

221 

93083175 

93083176 

93083177 

08-31-93 

08-31-93 

08-31-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

Sample  I.D. 

222 

Lab  I.D. 

93083178 

DatjB  Received 

08-31-93 

Date  Analyzed 

08-31-93 

Volume  Injected 

5.0  ML 

Instrunent  ID 

MSA 

Units: 

UG/L  AIR 

Compound 

<  0.5 

<  0.5 

<  0.5 

223 

224 

225 

93083179 

93083180 

93083181 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5 

<  0.5 

<  0.5 

226 

227 

228 

93083182 

93083183 

93083184 

08-31-93 

08-31-93 

08-31-93 

09-01-93 

09-01-93 

08-31-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

0.5 

<  0.5 

<  0.5 

<  0.5 

2.6 

Sample  I.D. 

Lab  I.D. 

Date  Received 

Date  Analyzed 

Volume  Injected 
Instrunent  ID 

Units: 

229 
93083185 
08-31-93 
08-31-93 
5.0  ML 

MSA 

UG/L  AIR 

230 
93083186 
08-31-93 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

231 

93083187 

08-31-93 

09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

232 
93083188 
08-31-93 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

233 
93083189 
08-31-93 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

234 
93083190 
08-31-93 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

235 
93083191 
08-31-93 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

Coffpound 


Vinyl  chloride 

<  0.5 

A 

O 

In 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

Sample  I.D. 

Lab  I .D. 

Date  Received 

Date  Analyzed 

Volune  Injected 
Instrunent  ID 

Units: 

236 

93083192 

08-31-93 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

237 

93083193 

08-31-93 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

238 
93083194 
08-31-93 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

239 
93083195 
08-31-93 
08-31-93 
5.0  ML 

MSA 

UG/L  AIR 

240 
93083196 
08-31-93 
08-31-93 
5.0  ML 
MSA 

UG/L  AIR 

241 
93083197 
08-31-93 
08-31-93 
5.0  ML 
MSA 

UG/L  AIR 

242 
93083198 
08-31-93 
08-31-93 
5.0  ML 

MSA 

UG/L  AIR 

ConpoLind 


Vinyl  chloride 


<  0.5  <  0.5  <  0.5  <  0.5 


<  0.5  <  0.5  <  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MAR'i'LAKD  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VIMYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Hame:  Target  Cofnpanies 
Project:  SBME2 
Page  4  of  4 

Sample  I.D.  243  244 

Lab  I.O.  93083199  930831170 

Date  Received  08-31-93  08-31-93 

Date  Analyzed  08-31-93  08-31-93 

Volume  Injected  5.0  ML  5.0  ML 

Instrument  ID  MSA  MSA 

Units:  UG/L  AIR  UG/L  AIR 

Compound 


Vinyl  chloride 

<  0.5 

1.0 

Sample  I.D. 

516 

S17 

Lab  I.D. 

930831176 

930831177 

Date  Received 

08-31-93 

08-31-93 

Date  Analyzed 

09-01-93 

09-01-93 

Volune  Injected 

5.0  ML 

5.0  ML 

InstruTient  ID 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

Coopound 

245 

246 

247 

248 

930831171 

930831172 

930831173 

930831174 

08-31-93 

08-31-93 

08-31-93 

08-31-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

518 

519 

520 

930831178 

930831179 

930831180 

08-31-93 

08-31-93 

08-31-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 


<  0.5  <  0.5  <  0.5  <  0.5  <  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


249 

930831175 
08-31-93 
09-01-93 
5.0  ML 
MSB 
UG/L  AIR 


<  0.5 


MAR\TAND  SPECTR.4L  SER\1CES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VIHYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBHEH 

Page  1  of  2 

Sample  1 .0. 

250 

Lab  I.D. 

93090101 

Date  Received 

09-0V93 

Date  Analyzed 

09-01-93 

Volume  Injected 

5.0  HL 

Instrunent  ID 

KSB 

Units: 

Compound 

UG/L  AIR 

251 

252 

253 

93090102 

93090103 

93090104 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  HL 

5-0  HL 

5.0  HL 

MSB 

KSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

254 

255 

256 

93090105 

93090106 

93090107 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

KSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

Sample  I.D. 

257 

Lab  I.D. 

93090108 

Date  Received 

09-01-93 

Date  Analyzed 

09-01-93 

Volume  Injected 

5.0  ML 

Instrument  ID 

MSB 

Units: 

UG/L  AIR 

Compound 

<  0.5 

<  0.5 

<  0.5 

258 

259 

260 

93090109 

93090110 

93090111 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5 

<  0.5 

<  0.5 

261 

262 

263 

93090112 

93090113 

93090114 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

Sample  I.D. 

264 

Lab  I.D. 

93090115 

Date  Received 

09-01-93 

Date  Analyzed 

09-01-93 

Volume  Injected 

5.0  ML 

Instrvjnent  ID 

MSB 

Units: 

UG/L  AIR 

Compound 

<  0.5 

<  0.5 

<  0.5 

265 

266 

267 

93090116 

93090117 

93090118 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  HL 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5 

<  0.5 

<  0.5 

268 

269 

270 

93090119 

93090120 

93090121 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

Sample  I.D. 

271 

Lab  I.D. 

93090122 

Date  Received 

09-01-93 

Date  Analyzed 

09-01-93 

Volume  Injected 

5.0  ML 

Instrument  ID 

MSB 

Units: 

UG/L  AIR 

Compoujnd 

<  0.5 

<  0.5 

<  0.5 

272 

273 

274 

93090123 

93090124 

93090125 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

<  0.5 

<  0.5 

A 

O 

In 

275 

276 

277 

93090126 

93090127 

93090128 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  HL 

5.0  ML 

5.0  ML 

MSB 

KSB 

KSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 


<  0.5 


<  0.5  <  0.5  <  0.5 


<  0.5  <  0.5  <  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  OETECTED 


MARYLAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VIMYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBME2 

Page  2  of  2 

Sample  l.D. 

278 

lab  l.D. 

93090129 

Date  Received 

09-01-93 

Date  Analyzed 

09-01-93 

VoUme  Injected 

5.0  HI 

Instrunent  ID 

KSB 

Units; 

Compound 

UG/L  AIR 

279 

2S0 

281 

93090130 

93090131 

93090132 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

282 

283 

284 

93090133 

93090134 

93090135 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

UG/L  AIR 

OG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

Sample  l.D. 

285 

286 

Lab  l.D. 

93090136 

93090137 

Date  Received 

09-01-93 

09-01-93 

Date  Analyzed 

09-01-93 

09-01-93 

Volime  Injected 

5.0  ML 

5.0  ML 

Instrunent  10 

MSA 

MSA 

Units; 

UG/l  AIR 

UG/L  AIR 

Compound 

<  0.5 

<  0.5 

0.5 

<  0.5 

287 

521 

522 

523 

93090138 

93090139 

93090140 

93090141 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

MSA 

MSA 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 


<  0.5  <  0.5  <  0.5 


<  0.5  <  0.5  -9<  0.5  <  0.5 


*  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.O.  =  MOT  DETECTED 


MAR\XAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 


VIMYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/HS 


Client  Name:  Target  Companies 
Project:  SBHE2 
Page  1  of  2 
Sample  I.D. 

Lab  I.O.  93 

Date  Received  08 

Date  Analyzed  08 

VolLine  Injected 
Instrument  ID 

Units;  OG 

Compound 


9 

93082609 
08-26-93 
08-26-93 
5.0  ML 
MSB 


93082619  93082630 

08-26-93  08-26-93 


08-27-93 
5.0  ML 
MSB 


UG/L  AIR  UG/L  AIR 
OC  REP  OC  REP 


08-27-93 
5.0  ML 
MSB 
UG/L  AIR 
OC  REP 


39 

93082639 
08-26-93 
08-27-93 
5.0  ML 
MSB 
UG/L  AIR 
QC  REP 


48 

93082708 
08-27-93 
08-28-93 
5.0  ML 
MSB 
UG/L  AIR 
OC  REP 


49 

93082709 
08-27-93 
08-28-93 
5.0  ML 
MSB 
UG/L  AIR 
OC  REP 


68 

93082728 
08-27-93 
08-28-93 
5.0  ML 
MSB 
UG/L  AIR 
QC  REP 


Vinyl  chloride 


Sample  I.D. 

Lab  I.D. 

Date  Received 
Date  Analyzed 
Volune  Injected 
Instrument  ID 
Units; 

Compound 


2.3 

o 

V 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0-5 

101 

111 

112 

113 

114 

115 

116 

93083021 

95085031 

93083032 

93083033 

93083034 

93083035 

93083036 

08-30-93 

08*50-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5-0  ML 

MSA 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

QC  REP 

OC  REP 

OC  REP 

OC  REP 

OC  REP 

OC  REP 

QC  REP 

Vinyl  chloride 


Sample  I.D. 

Lab  I.D. 

Date  Received 
Date  Analyzed 
Volone  Injected 
Instrument  ID 
Units; 

Compound 


<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

117 

507 

508 

509 

144 

160 

244 

93083037 

93083038 

93083039 

93083040 

93083068 

93083084 

93083170 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-31-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-31-93 

08-31-93 

08-31-93 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

MSB 

MSB 

MSA 

MSA 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

OC  REP 

QC  REP 

OC  REP 

OC  REP 

OC  REP 

OC  REP 

OC  REP 

Vinyl  chloride 


Sample  I.D. 

Lab  I.D. 

Date  Received 
Date  Analyzed 
Volune  Injected 
Instrunent  ID 
Units: 

Compound 


224 
93083180 
08-31-93 
09-01-93 
5.0  ML 
MSA 
UG/L  AIR 
OC  REP 


228 
93083184 
08-31-93 
08-31-93 
5.0  ML 
MSA 
UG/L  AIR 
QC  REP 


282 
93090133 
09-01-93 
09-01-93 
5.0  ML 
MSA 
UG/L  AIR 
QC  REP 


287 
93090138 
09-01-93 
09-01-93 
5.0  ML 
MSA 
UG/L  AIR 
QC  REP 


521 
93090139 
09-01-93 
09-01-93 
5.0  ML 
MSA 
UG/L  AIR 
OC  REP 


522 
93090140 
09-01-93 
09-01-93 
5.0  ML 
MSA 
UG/L  AIR 
QC  REP 


523 
93090141 
09-01-93 
09-01-93 
5.0  ML 
MSA 
UG/L  AIR 
OC  REP 


Vinyl  chloride 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.O,  =  NOT  DETECTED 


MAR^'L4ND  SPECTRAL  SERVICES,  INC 
1500  Cat  on  Center  Drive  Baltimore,  MD  21227 


VINYL  CHLORIDE  BY  PURGE  AND  TRAP/CC/MS 


Client  Name:  Target  Companies 
Project:  SBKE2 
Page  2  of  2 


Sample  1,0. 

250 

251 

Lab  l.D. 

93090101 

93090102 

Date  Received 

09-01-93 

09-01-93 

Date  Analyzed 

09-02-93 

09-02-93 

Vo  1  Line  Injected 

5.0  ML 

5.0  ML 

InstruDent  ID 

MSB 

MSS 

Units: 

UG/L  AIR 

UG/L  AIR 

Compound 

OC  REP 

OC  REP 

Vinyl  chloride 

<  0.5 

<  0,5 

Sample  l.D. 

257 

258 

Lab  I.O. 

93090108 

93090109 

Date  Received 

09-01-93 

09-01-93 

Date  Analyzed 

09-02-93 

09-02-93 

Volume  Injected 

5.0  ML 

5.0  ML 

InstruTjent  ID 

MSB 

MSB 

Units: 

UG/L  AIR 

UG/L  AIR 

Compound 

QC  REP 

QC  REP 

252 

253 

254 

255 

256 

93090103 

93090104 

93090105 

93090106 

93090107 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-02-93 

09-02-93 

09-02-93 

09-02-93 

09-02-93 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L. AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

OC  REP 

OC  REP 

OC  REP 

OC  REP 

OC  REP 

<  0.5 

<  0,5 

<  0.5 

<  0.5 

<  0.5 

259 

260 

261 

262 

263 

93090110 

93090111 

93090112 

93090113 

93090114 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-02-93 

09-02-93 

09-02-93 

09-02-93 

09-02-93 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

MSB 

MSB 

MSB 

MSB 

MSB 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

OC  REP 

OC  REP 

OC  REP 

OC  REP 

OC  REP 

Vinyl  chloride 


<  0.5  <  0.5  <  0.5  <  0.5  <  0.5  <  0.5  <  0.5 


Sample  l.D.  264 
tab  l.D.  93090115 
Date  Received  09-01-93 
Date  Analyzed  09-02-93 
Volune  Injected  5.0  ML 
Instriment  ID  MSB 
Units;  UG/L  AIR 
Compound  qc  REP 


Vinyl  chloride 


< 


.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MAR^IAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 

VIUYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/MS 


Client  Name:  Target  Companies 
Project:  SBME2 
Page  1  of  1 


Sample  I.D. 

File  Name: 

Date  Analyzed 

Volume  Injected 
Instrunent  ID 

Units: 

Compound 

LAB  BLANIC 

0828VCBLICA1 
08-28-93 
5.0  ML 

MSA 

UG/L  AIR 

LAB  BLANK 

0S28VCBLKA2 
08-28-93 
5.0  ML 

MSA 

UG/L  AIR 

LAB  BLANK 

0830VCBLKA1 

08-30-93 

5.0  ML 

MSA 

UG/L  AIR 

LAB  BLANK 

0830VCBLKA2 
08-30-93 
5.0  ML 

MSA 

UG/L  AIR 

LAB  BLANK 

0830VCBLKA4 
08-30-93 
5.0  ML 

MSA 
UG/L  AIR 

LAB  5LMK 

0830VC5La5 
08-3:-93 
5.C  ^ 

•SA 

UG/L  *:r 

LAB  BLANK 

0830VCBLKA6 

08-30-93 

5.0  ML 

MSA 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

A 

O 

<  :.5 

<  0.5 

Sample  I.D. 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLA^K 

LAB  BLANK 

File  Name: 

0831VCBLKA1 

0a31VCBLKA2 

0831VCBLKA3 

0901VC8LKA1 

0901VCBLKA2 

0901VCS-C»3  0826VCBLICB1 

Date  Analyzed 

08-3T-93 

08-31-93 

08-31-93 

09-01-93 

09-01-93 

09-:V93 

08-26-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.C  »L 

5.0  ML 

Instrument  ID 

MSA 

MSA 

MSA 

MSA 

MSA 

MSA 

MSB 

Units: 

Compound 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  C.5 

<  0.5 

Sample  I.D. 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLAJRC 

LAB  BLANK 

File  Name: 

0826VC6LKB2 

0827VCBLKB1 

0827VCBLK62  0827VC6LKB3 

0828VCBLKB1 

0828VCS.C32  0830VCBLICB1 

Date  Analyzed 

08-26-93 

08-27-93 

08-27-93 

08-27-93 

08-28-93 

08-22-93 

08-30-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  n. 

5.0  ML 

Instrument  ID 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

MSB 

Units: 

Compound 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

in 

o 

V 

<  0.5 

<  0.5 

<  0.5 

<  :.5 

<  0.5 

Sample  I.D. 

LAB  BLANK 

US  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  5.A%K 

LAB  BLANK 

File  Name: 

0830VC8LKB2 

0830VCBLKB3 

0830VC8LKB4 

0830VCBLKB5 

0830VCBLKB6 

0831VCB-e1 

0831VCBLKB2 

Date  Analyzed 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-30-93 

08-3V93 

08-31-93 

Volune  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.:  -L 

5.0  ML 

Instrunent  ID 

MSB 

MSB 

MSB 

MSB 

MSB 

•S3 

MSB 

Units: 

Compound 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

Vinyl  chloride 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  0.5 

<  :.5 

<  0.5 

Sample  I.D. 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLANK 

LAB  BLAIK 

File  Name: 

0831VCBLICB3 

0901VCBLICB1 

0901VCBLKB2 

0901VCBLK83 

0901VBLKB4 

0902VCB-G1 

Date  Analyzed 

08-31-93 

09-01-93 

09-01-93 

09-01-93 

09-01-93 

09-C2-93 

Volume  Injected 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.0  ML 

5.: 

Instrument  ID 

MSB 

MSB 

MSB 

MSB 

MSB 

Units: 

Compound 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  AIR 

UG/L  a:R 

Vinyl  chloride  <  0.5  <  0.5  <  0.5  <  0.5  <  0.5 


<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.D.  =  NOT  DETECTED 


MARYLAND  SPECTRAL  SERVICES,  INC. 
1500  Caton  Center  Drive  Baltimore,  MD  21227 

VINYL  CHLORIDE  BY  PURGE  AND  TRAP/GC/HS 


Client  Name:  Tar9et  Conpanies 
Project:  SBME2 
Page  1  of  1 


Sample  l.D, 

File  Name: 

Date  Analyzed: 

Volurne  Injected: 
InstPLinent  ID: 

Units: 

Compound 

1  UG/L  VCM 
0828VCSA1 
08-28-93 
5,0  ML 

MSA 

UG/L  AIR 

1  UG/L  VCM 
0830VCSA1 
08-30-93 
5.0  ML 

MSA 

UG/L  AIR 

1  UG/L  VCM 
0831VCSA1 
08-31-93 
5.0  ML 

MSA 

UG/L  AIR 

1  UG/L  VCM 
0901VCSA1 
09-01-93 
5.0  ML 

MSA 

UG/L  AIR 

1  UG/L  VCM 
0826VCSB1 

08-26-93 
5.0  ML 

MSB 

UG/L  AIR 

1  UG/L  VCM 
0827VC$B1 
08-27-93 
5.0  ML 

MSB 

UG/L  AIR 

1  UG/L  VCM 
0828VCSB1 
08-28-93 

5.0  ML 

MSB 

UG/L  AIR 

Vinyl  chloride 

1.1 

1.1 

1.2 

1.1 

1.3 

0.9 

0.8 

Sample  l.D. 

File  Name: 

Date  Analyzed: 

Votui»e  Injected: 
Instriment  ID: 

Units; 

Compound 

1  UG/L  VCM 
0830VCSB1 

08-30-93 
5.0  ML 

MSB 

UG/L  AIR 

1  UG/L  VCM 
0831VCSB1 

08-31-93 
5.0  ML 

MSB 

UG/L  AIR 

1  UG/L  VCM 
0901VCSB1 

09-01-93 
5.0  ML 

MSB 

UG/L  AIR 

1  UG/L  VCM 
0902VCSB1 

09-02-93 
5.0  ML 

MSB 

UG/L  AIR 

Vinyl  chloride 

1.0 

0.8 

0.8 

0.9 

<  =  LESS  THAN  GIVEN  DETECTION  LEVEL 
N.O.  =  NOT  DETECTED 


